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When a fluid flows through a vessel at a constant rate, the resi-
dence-time varies from molecule to molecule. This situation is best 
described by a distributive function. A knowledge of this function is 
necessary for determining the efficiency of many continuous flow equipment. 
The residence-time distribution can be found analytically under 
certain conditions. The solution for flow through a packed bed with axial 
dispersion has been given. 
The residence-time distribution of sugar solution of various con-
centration in short tubular vessels has been studied experimentally. 
The experimental set up consists of injecting an amount of tracer 
instantaneously into a fluid flowing at a constant rate. The fluid passes 
through a colorimeter before entering a storage tank for reuse. The 
concentration-time behavior of the out flowing fluid is then recorded on 
a strip chart recorder. 
The experimental results are represented in graphical and tubular 
form in the body of the report. Detail data is tabulated in the Appendix 
10. (4) 
The graphical representation shows that the viscosity of the bolu-
tion and the axial dispersion coefficient have a definite bearing on the 
peak time. An important feature is that the decaying portion of the C-
curve in all the runs follows an expcnential relationship • 
iv 
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1.1 SUBJECT: This report deals with the 'residence-time" or "time 
of passage" of a particle or molecule of material through continuous 
flow equipment. 
1.2 PURPOSE: Since the distribution of residence-times is important 
in determining the efficiency of marw types of continuous flow equip-
ment, the present report aims at studying the effect of residence-
time distributions of sugar solutions of various concentrations in 










NATURE OF-. RESIDENCE T:n1E DISTRIBUTION: The "residence-time" or 
. I 
11t:ilne of passage" of a particle or molecule of material in a piece 
of plant is the time it spends in the plant between entering and 
leaving. When the plant is operating under steady state conditions, 
the compositions and flow rates of the entering and leaving streams, 
and the composition and quantity_ of the contents of the plant are 
constant. The mean "residence time", T, is then the quantity of 
any given material in the system divided by the rate at which this 
material flows int~ and hence out of, the system. 
The word material when applied to a chemical reaction indicates 
a mean residence-time of the catalyst, or carbon and hydrogen atoms; 
~t Ji aey particular species of hydrocarbon formed or de-
stroyed in the reactions. 
In general this distribution is a quite complicated function of 
the geometry of the vessel, the properties of the fluid and the 
rate of flow of the fluid. 
DETERMINATION OF RESIDENCE TIME DISTRIBUTIONS: The problem of 
fluid self-mixing in vessels has been studied by Danckwerts (1) who 
considered it in the light of the distribution of, or spread in, the 
residence time of the fluid in the equipment. All the experimental 
techniques for determining the distribution of residence t:ilnes in-
volve introducing tracer material into the incoming fluid stream 
and measuring its concentration in the outgoing fluid stream, but 
they differ in the way the tracer is introduced. It may be intro-
.,. 
duced continuously but in amounts varying sinusoidally with t:ilne 
or in any cyclic manner. It may also be introduced continuously in 
2 
concentration C0 after an initial time, befoz·e which no tracer is 
introduced at all. Finally it may be· injected in a· slug essentially 
instantaneously. 
fypical tracer 1n:put and output concentration-time diagrams 
illustrating these methqds of tr'acer introduction- are shown in Fig. 
2.2(a), (b), and (c). 
Concentrp.tion 
Figure 2. 2 Typical Recordings for various models 
of tracer injection. 
__ __,. input 
Ti.me ----+ 























REPRF.sENTATION OF RESIDENCE T]-IB DISTRIBUTION:- Since most of 
the data are obtained experimentally the most convenient means of 
representing residence-time distributions is by means of curves. 
In Fig. l(b) where the ordinate is measured as c/co and the 
abscissa as vt is called the "F" curve by Danckwerts. He also 
V . 
called the dimensionless form of the output ~ignal (Fig. l(c) in 
which the ordinate is measured as CV/Q and the abscissa as vt the V 
"C" curve. 
The variable vt/V, which may be called reduced time, is unity 
for the period required to pass one void volume of fluid through 
the vessel. With the above choice of variables the F-curve rises 
from O to 1, the area under the C--curve is always 1, and when inte-
grated the C-curve yields the corresponding F-curve. 
USES OF RESIDENCE TIME DISTRIBUTION :;.. The distributi.of res-
idence-times is important in determining the efficiency of many 
types of continuous flow equipment e.g. in mixers, chemical reactors 
or heat and mass transfer equipment. ~ 
If we consider for example the effect of longitudinal mixing 
we can characterize it by a single parameter D, the "longitudinal 
dispersion coefficient" which is analogous to and has the same 
units as the coefficient of Molecular diffusion. The results of a 
study of this model show that a dimensionless parameter, the Peclet 
number can be used as the similarity criterion for longitudinal 
mixing. 
Consider a fluid flowing v ft. 3 /sec through a pipe which stretch-
es to infinity in either direction. Let the fluid enter an exper-
imental section of this pipe at x = 0 and leave at x = L, the volume 
of this section being V ft. 3 • 5 
/ 
----. 
Now at about time t=o rapidly inject into the entering fluid a 
quantity of tracer which at unit concentration would have a volume 
Q ft 3 • If radial flow and diffusion are neglected then the mixing 
of tracer with the surrounding fluid is given by 
2.4 (1) 
Where D= longitudinal dispersion coefficient. If the tracer is 
injected essentially instantaneously into fluid at x=o the solu-
tion to equation 2.h (1) which gives the tracer distribution as a 
function oft and xis from Carslaw (3) 
C= QL 
2V ) 7'\ Dt e 2.h (2) 
a family of normal or Gaussian error curves. Symmetric about 
the origin, with t as parameter. If the fluid is moving rlovn a 
pipe then we get:-
C= QL 
2V J,.;: Dt 
- (x-ut)2 
e. fiJ5t 2.L (3) 
At position X=L the concentration of tracer as a function of time 
is riven by replacing X by Lin the above equation, which on re-
arranging becomes 
CV = 
Q 2.4 (4) 
This equation when plotted on CV vs. vt coordinates gives us the Q v 
C-curve with D/UL as parameter. 
To apply the above theory to experimental data we define the 
variance of the time-concentration curve as 
- /z..xr72 
\f f 2.4 (S) 




The spread or width of the C-curve as measured by its variance 
has been shown by Levenspiel and Smith (4) to be related to D by 
the relationship 
di • ~ u8~+1-1) 2.4(6) 








Equations 2.4 (6) and 2.4 (7) 
2 .1:J-'7+--
af ford a convenient metho~for ~ 
finding D from experimental F and C Curve data, ) 
In a reactor of radius R and length L if ,!; is the minimum 
u 
of passage through the reaction zone in the absence of niff1JSion, 
then the modifications produced by diffusion have been regarned 
by Bosworth ( 5) as negligible provided 
and 
R ) 18}5f 
1 )Joo~ 
where D = diffusion 
coefficient 
Except in the case of first-order reactions it is not usually 
possible to calculate the output of a reactor solely from a 
knowledge of the kinetics of the reaction and the distribution of 
residence-·times. Ther performance will also depend on the actual 
degree of intermixing, on the m1lecular scale, between neighboring 
elements of the fluid (6) and on the distribution of temperatures 
throughout the reactor, if this is not uniform (7), Schoenemann 
(8) gives the results of some interesting experimental studies of 
residence-time distribution in some industrial reactors, and dis-











AXIAL DISPERSION OF PARTICLF.S IN FLOW THROUGH A PACKED BED:-
Suppose we consider a ·_packed bed through which a solution is 
flowing at a constant velocity. If we inject instantaneous]j-·---a:t 
time t=o a quantity of tracer into the flowing fluid the response 
we would get would correspond to an impulse input. 
If we suppose that the bed consists of a series o:f randomly 
arrayed void cells. We· will consider the behavior of a pulse . . 
input imposed upon such a series of cells, each having a holding 
time en. 
The concentration-time behavior in the efflu~.rit of the n th 
·perfect mixing cell is given by 
n-1 - t/e t e 
(n-1) 1 
1i-.fhere G is the transform of an impulse function. 
·?or severai beds of the same total retention time T, the 
ce J.1-holcUn[ ·U.r·1Ei h: obviously e·n = T/n. 
Since fluid velocity and cell size may control mixing effi-
ciency it has been assumed (12 ) that 
E = k Dpv. 
E = ax tal dispersion co.efficient sq cm/sec. 
k = proportionality constant 
Dp =. particle diameter, cm. 
v = average bed velocity, cm/sec. 
The ratio Dp v/E = 1 . is defined as the Peclet· number, Pe• 
. It has been s~~ by (9) that E ·= ( l/2) Pe 
Where E = cell mixing efficiency 8 
~e fraction of a _particle diameter 
equal to a perfect mixing length. 
If we consider a differential segment of bed length dX, through 
which a tracer of concentration C, is being transported by a fluid 
flowing at a constant average velocity v and dispersed in the axial 
direction only at a rate governed by a mixing coefficient E, then 
by a material balance 
- V a C 
1T 
Let Z = change of variable 
If Z = X- vt 
BOUNDARY CONDITIONS:-
C(Z,0) =O[o<z<OO o)z)_oO 
and at Z = o there is an CJ:) impulse of zero thickness. 
lim C ( Z, T) = 0 ) t > 0 
Z.-+ (X) 00 
and Q = ~ r 2 f J C (Z, t) dz 
•CP 
Where Q is the amount of tracer injected at X=O across a bed of 
cross-sectional area r-. r 2 and void fraction f . 
The final solution to our differential equation is 
C (Z,t) = Q 
2 1r r2 f J~ Et 





where K = Kl/jE 
'\ 1_ .... -· 
From the above concentration profile it can be shown that 
t = x/v - E/v8 
m 
WHERE t = peak time 
m 
X/v = nominal holding time 
The above discussion assumed a pulse of zero thickness. Such an 
input cannot be practically realized. However, if we consider the 




2 erf[(z~ J mt"Ji 
other analytical solutions for cases such as perfect mixing, laminar 




4. EQUIPMENT AND CALIBRATIONS 
The Equipment which was used for determining residence 
time 
distribution was built by D.R. J. Adler (10) and is suitable for 
the study of most vessels. 
4 .1 DESCRIPrION :- It consists of two fluid flow circuits ( 1)
 for 
clear sugar solution and (2) for the sugar solution containing the 
tracer material. An electronically controlled valve pro
vides the 
means for injecting the tracer material. The tracer concentra-
tion is continuously recorded by means of a colorimeter
 and a 
strip chart recorder. 
The fluid flow circuits are the same as use0 by Adler (10) 
except that the sugar solution which was coloured was re
run again 
several times. 
For the lower flow rates (between Re=900 Re:2000) a bypass 
arrangement was used in connection with the rotameter. 
The arrange-
ment was as shown in Fig •. Ji:r--ta.) r The fluid flowcfrcui ts are 
schematically shown in Fig. 4-1 (b). 
4,2 TEST VESSELS:- The vessels studied experimentally were
 611 
plastic tubes of two different lengths. The inlet part
 diameter 




Figure 4.1 a 
















f i&1.ll'8 1.i-lb 
... 
Fluid Flow Circuits 
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h.3 s·o1UTIONS:- Runs were made with sugar solutions of varying 
concentration e.g. 10%, 20%, 30%, and hO%, The viscosity varying 
fran 1.03 cp to approximately 5.0 cp. 
The tracer material was used in very small quantities ( 1 part 
to 500 parts of solution) and thus did not change the viscosity and 
specific gravity of the dyed solution from that of the clear sol-
ution. 
The electrical circuit and other auxilliary equipment ha:ve 
been dealt in detail by Adler (10). 
h,h CALIBRATIONS:-
4.h-l ROTAMETER CALIBRATION:- Rotameter Calibrations were made for 
each concentration of sugar solution. The solution was collected 
in a pail for 2-3 minutes at each flow rate and weighed. The flow 
rate /min was then plotted against the corresponding rotameter 
reading and the best straight line drawn through the data. See 
Figures (10.J A,B,C,D,E,F,G,H,I,J,K,L) in Appendix 10.J for the 
calibration curves, 
4.4-2 COLORD1ETER CALIBRATION:- The calibrations for the colorimeter 
as done by Dr. Adler (10) were followed, but they were checked so 
that the clear solution gave a recorder reading of 90.0 and the in-
finitely black solution gave a reading of zero • 
\ 
VARIABLF.5 STUDIED 
The Navier-Stokes Equation, written in cylindrical coordinate is 
+ ~ )u =,A,<..(d 2u 
dr e ar2 
+~2u - 1 k, 
J"iJ e ~z 
Where u = velocity in the longitudinal (z) direction 
~=velocity in the radial ( r) direction 
/ = viscosity of liquid 
e = density of liquid 
p = pressure drop 
t = time 
5.1 (1) 
The variable in equation 5.1 (1) are velocity, length, density, 
viscosity and static pressure. In making a dimensional analysis the 
dimension of each term of the differential equation is expressed in 
terms of the above variables. The analysis is also restricted to 
geometrically similar systems. 
It is found by this sort of analysis that the four dimensionless 
groups g!f, f, d. and tip are of the greatest importance. But the 
,,M- d 1 eu.'l 
last group i.e.~ or the Euler Number is a function of the other 
eu2 
three. Thus we have three parameters t!'~ f and 2.• Of these three 
,,AA- d d 
parameters only two of them were studied, vizf~ and f; where d= 
' ~ d 
tube diameter, r = inlet port diameter, u= velocity of the fluid flow-
ing with a viscosity~ and a density= e• L = length of the tube. 












First the test vessel and the inlet and outlet ports were se-
lected. The temperature of the solution in the two tanks was main-
tained at 30° ! 1°c. The flow rates and Reynolds numbers in the two 
circuits were then fixed by means of the needle values in each cir-
cuit. The colorimeter was zeroed and the recorder reading set at 
90. The interval timer was then set for the time required for in-
jection of the tracer. The tracer was injected by depressing the 
pulser switch. 
Injection times as low as O.l sec for turbulent flow and as 
high as 14.4 sec for small Reynolds numbers were used in order to 
get a fairly good response on the recorder. 
When the recorder pen comes back to a valve of 90 on the record-




Since it is impractical to present the original strip chart 
data certain important features of each experimental run have been 
summarized in tabular or graphical fonn. 
These features are: 
1. Starting time or dimensionless time vt/v at which the first 
tracer appears in the outflowing stream. 
2. Peak time or the dimensionless time vt/v at which maximum 
tracer concentration appears in the outlet stream. 
J. Peak concentration or the highest value of the dimension-
less concentration CV/Q which occurs at the peak time. 
4. A valve K which describes the exponential nature of the de-
caying portion of the C-curve according to the equation 
CV = - Kvt + const. 
- e -Q V 
7 .1 TABULAR REPRESENTATION:- Some of the experimental runs hav<:: 
7.2 
been tabulated accordipi to the above four characterizing features 
in Tables (7.1-A,B,C,D,E,F,G,H) 
GRAPHICAL REPRF3ENTATI0N:- Average valves (See Tables 7.1-I,J, 
K,L) of some of these runs have been graphically represented by 
plotting Las abscissa on all of them and in turn the starting time, d . 
the peak time, the peak concentration and the valve of K as ordi-
nate. The Reynolds number is the parameter and the ~ ratio is kept 
constant for all graphs (See Figures 7.2-A,B,C,D,E,F,G,H,I,J,K,L,M,N, 
O,P). Figures 7.2 Q, R, S, T indicate the effect of Concentration 
on Starting Time, Peak Time, Peak Concentration and the K Value at 
and L = 5. 
d 
17 
':'ABLE 7 .lA 
~0% Sugar Solution - Viscosity= 4.85cp Sp. Gr. 1.1675 
(lndividual Runs) 
T 0 :N Starting Peak ;'ea1< K Run ...., 
-a z Re Time Time Concentration Value No. 
2 10 $'00 Q.042 0.068 l.9o4 1.000 L5 
2 10 900 C'.034 0.068 1.120 1.025 46 
2 10 1500 0.034 C'.070 1.172 1.189 47 
2 10 1500 0.049 0.049 3.063 0.572 48 
2 10 3000 0.070 0.083 5.848 0.623 19 
2 10 3000 0.056 0.083 4.897 0.358 20 
2 10 4000 0.075 0.075 2.595 1.000 21 
2 10 4000 0.090 0.111 1.537 1.537 22 
~ABLE 7.lB 
~0% Sugar Solution - Viscosity =4. SScp Sp. Gr. = 1.1675 
(Individual Runs) 
L d N Starting Peak J;eak K flun 
d t. R Time Time Concentration Value No. 
5 10 1000 0.171 Q. 206 1.126 1.255 67 .. 
5 10 lOOO 0.248 o.6lc 0.963 l.23 68 
5 lO l500 C.l98 0.24l o. 779 0.92 69 
5 lO l500 O.l45 0.206 l.2l5 l.445 70 
s lO 2000 0.178 0.384 o. 747 o. 765 71 
5 10 2000 0.229 'a.sos 0.913 0.812 72 
s lO 3000 0.135 0.292 1.351 1.874 7 
5 lO 4000 O.l39 0.305 0.880 0.9l7 5 
s lO sooo 0.139 0.450 o.875 0.758 
6 
'.T'ABLE 7. le 
30% Sugar Solution - Viscosity =2. 5 ?cp Sp. Gr. = 1.1161 
(Individual Runs) 
L n N Starting Peak Peak 
• l{ R.un 
d 25. R Time Time Concentration Valve No. 
2 10 900 0.036 ('.048 9. ).ili9 1..000 1i9 
2 10 900 C'.038 0. o,o S.290 1.1
32 50 
2 10 1.500 o.o.56 o.ot4 4.822 l.000 
51 
2 10 1.500 0.064 o.o67 2. 84.5 o.458 
52 
2 10 2000 0.053 0.064 3.208 
o.572 53 
2 10 2000 o.o.58 o.o68 2.809 
o.5o5 54 
2 10 3000 0.041 o.o.54 9.481 o.63.5 
23 
2 10 3000 0.041 o. o6.5 6.882 o.43.5 
24 
2 10 4000 0.045 0.072 .5.980 o.55
6 25 
2 10 4000 0.045 O.C72 4.722 
o.562 26 
2 10 .5000 0.042 o.067 4.268 
o.S78 27 
-! 
2 10 5000 o.o.56 O.Oc 7 8.579 
o.483 28 
2 10 6000 O.ObO 0.060 2.430 
o.464 29 
2 10 6000 0.054 O.r:h7 2.36.5 
o.soo 30 
TABLE 7oJ.D 
30% Sugar Solution - Viscosity = 2. 62cp Sp. Gr. -- l.ll6l 
(Individual Runs) 
-J, rj l'J Starting 'Peak Peak K Run 
d :c;. Re Time Time Concentration Valve No. 
s lO 900 o.066 0.499 l.93 7.0 73 
5 lO 900 O.l24 0.207 3.739 7.0 7
4 
5 10 1500 0.184 0.612 0.927
 1.361 75 
5 10 1500 0.197 0.298 l.406 
6.88 76 
5 lO 2000 O.l82 o.586 l.055 l.469 77 
5 10 2000 0.235 0.518 1.397 8.o 78 
5 lO 3000 0.205 o.645 1.178 1.719 
8 
5 10 4000 0.179 o.483 1.017 1.178 9 
5 lO 4000 0.152 0.558 0.774 0.731 
1 
5 10 5000 0.197 0.625 0.881 1.0 
10 




TABLE 7 .lE 
20% Sugar S0l,.J: ic,n -
(Individual Runs) 
7i.scosity = l .68cp Sp. Gr. = 1.0698 
:r.., ,d N Starting Peak Peak -K -Run 
d ,6. R ~i.,1e Time Concentration Valve No. 
2 :io 900 0.039 n.o45 7.223 l.l 55 
2 10 900 0.035 o.ol..t6 8.085 i.555 56 
2 10 15'00 0.048 0.054 3.612 o.587 57 
2 10 1500 0.048 0.054 4.362 0.705 58 
2 10 2000 0.057 0.0.57 3.239 0.357 59 
2 10 2000 0.043 0.057 3.076 o.4925 60 
2 10 4000 0.050 0.057 3.152 o.466 31 
2 10 4000 0.034 0.050 6.448 o.428 32 
~ 10 5000 O.Ol.d o.063 8.981 0.261 33 
2 10 sooo 0.036 0.046 3.804 0.387 34 
2 lO 6000 0.052 0.052 4.958 0.396 35 
2 10 6000 0.043 o.064 10.679 o.508 36 
. .., 
<.. 10 7000 0.075 0.095 0.928 0.318 37 
2 10 7000 c.oso 0.050 2.587 0.435 38 
'J'ABLE 7 olF 
20% Sugar Solution - Visc9sity = l.68cp Sp. Gr. == l. o698 
(Individual Run) 
L (1 N Starting Peak 
Peak .K Run 
a 6 Re Time Time Concen
tratinn Valve No • 
. 
-
5 lO 900 O.l20 tl.l28
 3.622 24.000 79 
5 lO 900 O.ll5 o.428 
2.35l 15.000 80 
5 10 l500 0.090 o.148 
l.26l 3.750 81 
5 10 l.500 O.l38 0.200 
1.339 2.635 82 
s· 10 2000 O.l92 0.378 1.009 
1.133 83 
5 lO 2000 O.l.53 0.264 
l.103 l.08 84 
.5 10 - 4000 O.l80 0.313 
0.976 1.168 12 
5 lO Sooo O.l.56 o.58.5 
0.99.5 l.275 13 
s 10 6000 O.lJl 0.602 
o.898 0.830 14 
5 lO 7000 O.l48 0.30
l 1.oo6 o.856 15 
.. ,,_)" 
TA.vi_,E 7. 1G 
l0% Sugar Solution - Viscosity= l.27cp Sp. Gr. ::- 1.0325 
(Individual Run) 
I., d N Starting Peak Peak K 
Run 
d ~ Re Time Time Concentration Va
lve No. 
2 J_O 9QO 0.036 o.ohS 10.b03 2.53 6
1 
2 10 900 0.037 0.050 8.480 
2.67 62 
2 lO 1500 0.042 o.os2 6.646 
l.00 63 
2 lO 1500 0.042 0.050 5.165 
o.578 64 
2 10 2000 0.047 0 .. 058 4 .. 027 
o .. 534 65 
2 10 2000 0.036 0 .. 053 3.954 
o .. 448 66 
2 10 Sooo 0 .. 033 o .. oss 6.234 0.379 39
 
2 10 .sooo 0.033 0.057 3.350 
o.533 40 
2 10 6000 0.039 o.o6S 5.614 
0.211 41 
2 10 6000 0.033 0.057 l0.86
6 0.2255 42 
2 10 7000 0.038 o. ri:)7 ll.366 0.225 
43 
2 10 7000 0.038 0.077 l0.509 
0.308 44 
J -~'·:_ ,\:·:i~,~:~~ 
TAELE ..., {1.!' ' = _._, l 
10% Sugar Solut:i:::n - -:Ji.sc;:;si ty "' l~27cp Sp~ i...1r. 
:; l.0325 
(Individual Run) 
L d N Starting Peak 
~ea.K K Run 
d ~ Re Time Tine Concen
tration Val.ve No. 
5 10 900 o.089 0.152 l.492. 
1.881 85 
s 10 900 0.011 0.084 2.tln 5.5
8 86 
5 10 1SOO 0.092 0.167 0.
909 0.75 87 
5 10 1500 0 •. 108 0.109 
l.096 0.765 88 
s .10 2000 0.155 0.415 
1.024 1.000 89 
5 10 2000 0~134 0.284 .
934 o.800 90 
5 10 4000 0.128 o.h4o l
.142 1.378 2 
C: lO sooo o.126 0.369 l.331 2.63 
17 
.,, 
~ lQ 6000 o.1.4~ 0.26h 1~510 
3.38 16 
·' 
5 10 7000 0.139 0.267 



























·TABLE 7 .lI 
40% Sugar Solution Average Values 
N ·Starting ·Peak 
Re T:irne Time 
900 0.038 o.o68 
1500 0.0415 0.0595 
3000 0.063 0.083 
4000 0.082 0.093 
1000 0.209 0.411 
1500 O.l7l 0.223 
2000 0.203 o.L4o 
3000 0.135 0.292 
4000 0.139 0.305 
5000 0~139 o.4So 
.-




5.872 o.490 2 
2.066 o. 8438 2 
l.044 l.242 2 
0.997 1.182 2 
0.830 o. 788 2 
1.351 l.874 1 
0.880 0.917 1 
o.875 o. 758 1 
"'·' -
. :~,;":,-.:·;. 
'lP.:::,L:=: ~ "'\ -I• ..L·. 
3'J% .Su.&·:~::.:.~ :3olntio11 - .i.\:trei:..t2go \,·.:clue 
:~ Startihg •Peak •Paak· •k L N Run 
'a - Re Time 
.,... Conc,.:mt.ration Value A ..1.-J.lll.8 
No • 
. 
2 10 900 0.037 o.049 7.370 1.006 2 
2 10 1500 o.~o 0.0655 3.834 0.729 2 
2 10 2000 0.0555 o.066 3.009 o.538 2 
2 10 3000 0.041 Q.059 8.182 o.535 2 
2 10 4000 0 .045 0.012 5.351 o.5~9 2 
2 10 5000 0.049 o.o67 6.424 o.531 2 
2 10 6000 c.057 o.0635 2.398 o.482 
,2 
5 10 900 0.95 0.353 2 .. 834 1.0 -2 
5 10 1500 0.190 o.455 1.166 4.12 ~ 
5 10 2000 0.208 o.5.52 1.226 4.734 2 
5 10 3000 0.205 o.645 1.178 1.719 1 
5 10 · 4000 0.166 o.521 o.896 0.9545 2 
N 5 10 5000 0.197 0.625 0.881 1.0 1 -.J 
5 J.O 6000 0.137 o.6oL 0~923 o.827 1 
<·":··-
----G-- .. 
TABIF 7. li= 
20% Sugar Solution - Average Value 
L a ·N ·Starting PeAk iieak •K 
d -A Re Time Time Concentration Value 
2 10 900 0.037 0.0455 7.654 1.328 
2 lO l.500 0.048 C'•.0.54 J.987 o.646 
2 10 2000 0.050 0.057 3.157 0.4247 
2 10 4000 0.042 0.0535 4.800 o.447 2 
2 10 5000 0.039 o.o.54 6.392 0.324 2 
2 10 6000 0.047 0.058 7.818 0.452 2 
2 10 7000 0.002 0.072 l. 757 o.426 2 
5 10 900 0.1175 0.273 2.986 19.5 2 
s 10 1500 O.ll4 0.174 1.300 3.192 2 
5 lO 2000 0.172 0.321 1.056 1.106 2 
5 10 4000 0.180 0.313 0.976 l.168 l 
5 10 5000 0.156 o.585 0.995 l.275 l 
5 10 6000 0.131 0.602 o. 898 0.830 1 
















T/l.13LE 7. l:L 
10% Sugar Solution - Average Value 
w ~tarting ·Peak 
Re Time Time 
900 o.o36S o.o41S 
1500 0.042 0.051 
2000 0.0415 0.0555 
5000 0.033 o.056 
6000 0.036 0,061 
7000 0.038 0.072 
900 0.089 0.118 
l500 O.lOO 0.138 
2000 0.144 0.364 
4000 0.128 o.44o 
5000 0.126 0.369 
6000 0.148 0.264 
7000 0.139 0.267 
Peak K Run 
Concentration Value No. 
9.S41 2.60 2 
5.905 o. 789 2 
3.991 o.55.6 2 
4.792 o.456 2 
8.240 0.2183 2 
10.938 0.267 2 
2.l8l 3.73 2 
l.001 0.757 2 
0.979 0.9 2 
1.142 1.378 1 
l.331 2.63 l 
1.510 3.38 l 
l.203 2.375 l 
P' igure 7 , 2A 
40% Sugar Solution 





















Figure 7 .2B 
30% Sugar Solution 
Effect of Concentration on Starting Time 
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20% Sugar Solution 

























Figure 7 .2D 
10% Sugar Solution 
























Figure 7 .2E 
40% Sugar Solution 






Figure 7 .2F 
30% Sugar Solution 













20% Sugar Solution 




















10% Sugar Solution 
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Figure 7.2I 
40% Sugar Solution 




















30% Sugar Solution 
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20% Sugar Solution 
Graphical Representation of Peak Concentration d = 10 
0 




















Figure 7 .21 
10% Sugar Solution 
Graphical Representation of Peak Concentration d = 10 
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Figure 7.2M 
40% Sugar Solution 























30% Sugar Solution 












Figure 7.2 0 
20% Sugar Solution 
Graphical Representation of K Valued = 10 











10% Sugar Solution 





Figure 7 .2Q 



























Figure 7 .2R 
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Effect of Concentrationon Peak Concentration· . 
10% 
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DISCUSSION CF EXPERJMENTAL RESULTS 
All the results were obtained with sugar solutions of varying 
viscosities at different Reynolds Numbers and with different tube 
lengths. 
Graphs are drawn with Las abcissa and the ordinate in turn d . . 
being the · sta.rt~g time, peak time, peak concentration and the 
value of K. The Reynolds Number was taken as the parameter for 
each graph • 
. Graphs indicating the effect of concentration on Peak Time, 
Starting Time, Peak Concentration and K Value l1ave also been drawn. 
The starting time is observed t.o increase with solutions having a 
higher viscosity at tpe same value of L. The peak times· also are 
. d 
higher for solutions havil'.lg higher viscosities. 
It was also observ.ed that the jaggedness of the C-curves is 
larger in the region. of starting and peak times for lower viscos1ty 
solutions. This may be because the eddies .are larger and slower 
moving with lower viscosity solutions, owing to the lower velocity 
used, in order to mai~tain the same Reynolds Number. 
Another important feature noticed from the C-curve is the lag 
present in the C-curves for higher viscosity solutions. 
At Reynolds Numbers over 5000 and at a L = 5 the peak times are 
d 
much higher. 
Again there is reasonable agreement in the K ·values and Peak 
concentration for Reynolds Numbers higher than 3000. For NR '-. 2000 
e 
the K value-curves follow a different trend. 
. . . ~ The range through which some of· these data vary have been indi-
cated on the graphs (See Figures 7.2Q to T). so 
.,·1 
The longitudinal mixing effect would be smaller in longer tubes 
at a given flow rate. 
The D is very small in all these runs and thus the end effects 
'UL 
would not be very large in order to distort the C-cl.ll"Ves to a great 
extent. 
Certain amount of difficulty was realized in obtaining good 
a-curves at~<. 1000, 
e 
In order to get a good response injection times of a larger 
magnitude than those used for \t 3000 were used, 
Since the method described is section 2.41 for determining the 
Dispersion coefficient "D" depended upon choosing equal time inter-
vals on the strip chart recorder, sane difficulty was experienced 
since the time intervals recorded were not equal. The calculation 
of ''D" based however, on a few readings :of eqµa1··'.t1m·e 1ntervale. 
showed that the Dispersion coefficient was very small. (order of 
' 2 





All calculations were made on the L. G. P.-30 Computer in the 
Canputing Laboratory at Lehigh University. 
A number of points were read off each experimental strip chart 
recording. After the program was fed into the computer, test data 
of which the results were known were fed into the computer to test 
whether the program worked. 
Then the data obtained from experimental runs was fed in to 
obtain the answers which have been tabulated in Appendix (10.L). 
The computer program and details on its use are given in 
Appendix (10.5). 
Figure 8.A, 8.B are typical C curves plotted with results ob-
tained from the computer. Figure 8.C is a typical working curve 
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9. THEORETICAL DEVELOPMENT 
From a consideration of the Navier Stokes equation it is evi-
dent that certain dimensionless parameters are important in deter-
mining the effect of residence-time distributions. It also suggests 
the use of the free jet theory as an approximation in determining 
the residence-time distributions in very short tubes. 
The dead volume model which gives us an idea on the general 
shape characteristics of the residence-time distributions and the 
free-jet theory has been discussed by Adler (10). 
We could also consider the problem in the form of a mixing 
system. In a continuous flow system, however, it may be that per-
fect mixing can never be attained. There can be stagnant regions 
in the tube, part of the feed ma;y go directly to the outlet, piston 
or plug flow may tal,{e place. The mathematical treatment of this 
problem thus becomes similar to one performed on a capacity in a 
servo-mechanism circuit, where a transfer function exists, from 
which can be obtained transient or permanent responses. 
We will now consider a few cases which occur when a fluid 
flows through a tube with respect to step input. 
9.1 PERFECT MIXING:- If the initial concentration of the fluid 
flowing is c0 lbs/ft3 and suppose it occupies a volume of V cubic 
feet. Now if Q cu. ft./hr of tracer material having a concentration 
~ is introduced continuously into the system, the concentration Gp, 
will suddenl:1¥ change from Co to Oat time t=O, creating a step de-
mand. Suppose at aey given time t the mixing is perfect and the 
effluent concentration is C. 






QCp, dt~ QC dt + d (Ve) 9,1 (1) 
The feed composition CF being then zero and the volume of the fluid 
being constant equation 9.1 (1) becomes 
de + Q C = 0 
cit 'V 
Integrating 9,1 (2) we get 
c/c0 = e - ~ t 
9.1 (2) 
9.1 (3) 
PARTIAL MIXING AND CHANNELING:- Suppose that a fraction m of 
the total volume is assumed to be well agitated. A fraction n gets 
perfect\y mixed while the other fraction (1-n) is assumed to be 
short circuited directly to the outlet. The concentration at time 
t, in the zone of perfect mixing is assumed to be C1 • The material 
issuing fran this zone is mixed with that portion of the feed which 
short-circuits the system, the mixture of the two giving a liquid 
of composition Cat the outlet, 
Therefore we ha:ve 
riQCF dt "' n QCl dt + mVdcl 
or dc1 + nQ c1 = o 
dt mV 
c1 - nQ. ,:: e t 
co 
mV 
But (1-ri) Q CF dt + n QC 1 dt c Q c dt 
.. c = n c1 
Equation 9.2 (3) then becomes. 





Plotted on Semi-log paper gives us a straight line of slope- n/m, 
from which m can be derived once n has been determined from the 







c = concentration 
C = concentration of tracer in outflowing stream. 
C0 = Inlet concentration or concentration of tracer in in
flowing stream. 
Cf= concentration of the feed stream 
d = diameter of tubular vessel, also total differential operator 
~ = partial differential operator 
D = Dispersion coefficient 
D = Particle diameter p 
e = 2718 base of natural logarithm 
E = axial dispersion coefficient 
f = packed bed fraction factor, also void fraction 
G = transform of an impulse function 
k = constant 
K = decay constant, also coefficient on Section 3.1 
K1= coefficient in Section 3.1 
L = Length of vessel 
m = Fraction of total volume which is perfectly mixed 
n = number of mixing cells, also fraction of the feed entering, 
the zone of perfect mixing 
N =Reynolds Number 
Re 
p = pressure 
Q = quantity of tracer injected instantaneously into inlet stream; 
also quantity of tracer 
r = radial distance 
R = radius of.vessel 
59 
t = time 
T = mean residence time 
e = cell holding time 
n 
t = peak time 
m 
u = velocity in longitudinal (X or Z) direction 
v = volumetric flow rate 
V = volume of vessel 
x = distance in axial direction of vessel 
b = inlet or outlet port diameter 
6. = denotes finite difference, or inlet or outlet port diameter, 
/ = viscosity 
e = Specific gravity 
~ = velocity in radial direction 
'( = fraction of a particular diameter equal to a perfect mixing 
length 
t = cell mixing efficiency. 
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10.L EXPERIMENTAL RESULTS IN DETAIL 
NOTES t- for this section only. 
1. Concentration is in arbitrary unit 
2. Time is in seconds 
in lbshec 
~ 
3. V is 
4. Vis in lbs 
s. L, d, 6. are in inches 
6. Temperature for all the rUl'ls was maintained at 30°C 
7. NRe is based on the inlet port diameter 
8. Dates refer to the da;y- of the run. 
RUN NO. J. 
1=28.75 d:5.75 6.=0.588 
Plllse Time =l.O Re= 4000 
RUn No. 1 3CYt, Sugar Solution 
V= 29.850 V= .24200 Q= 13.788 K= 0.731 
Recorder Reading Concentration Time cv/Q Log cv/Q vT/V 
90.000 .ooo 15.100 .ooo .ooo .122 
80.000 .051 18.800 .111 · -,956 .152 
70.000 .109 21.600 .236 -.627 .175 
60.000 .176 23.500 .381 -.419 .191 
50.000 .255 27.300 .553 -,258 ,221 
48.000 .273 30.100 .591 -.228 .244 
44.900 .302 38.600 .654 -.185 .313 
43.000 .321 46.200 .694 -.158 .375 
39.500 .358 49.800 .774 -.111 .404 
39.500 .358 68.800 .774 -.111 .558 
40.000 .352 81.700 .762 -.118 .662 
44.900 .302 95.700 .654 -.185 ,776 
47.500 .278 113.000 .601 -.221 .916 
50.800 .248 124.100 .538 -.269 i.oo6 
53.000 .230 131.900 .498 -.303 1.069 
56.000 .2o6 141.000 .446 -·351 1.143 
57,900 .192 151.300 .415 -.382 1.227 
62.000 .162 157.000 .350 -.455 1.273 
63.000 .155 175.900 .335 -.475 1.426 
68.ooo .122 197.500 .264 - 0 579 1.601 
69.500 ,112 213.500 .243 -.614 1.731 
74.ooo .085 223.800 .184 -,735 1.814 
77.000 .068 242.000 .147 -.834 1.962 
77.400 .o66 260.000 .142 -.848 2.108 
80.000 .051 282.000 .lll -.956 2.286 
81.800 .042 306.000 .090 -1.047 2.481 
82.200 .039 321.400 .085 -1.o69 2.6o6 
83.100 .035 326.000 .CJ75 -1.125 2.643 
85.500 .022 393.000 .o48 -1.317 3.186 
87.500 .012 455.000 .026 -1.577 3.689 
90.000 .ooo 522.000 .ooo .ooo 4.232 
RUN NO. 2 
1=28. 75 dr:5. 75 A=0.588 
pulse Time= O.l Re=4000 PLASTIC~ 
Rtm No.2 20/o Sugar Solution M'll'chl8;~ 1960 
V= 28.800 V= .17599 Q= 4.714 K= 1.378 
;{ Recorder Reading concentration Time CI//Q Log CI//Q vT/V !F-
,\.; 
{< 89.800 .001 22.600 .oo6 -2.225 .138 ~:/ ·' . ;', 85.000 .025 28.220 .152 -.819 .172 1~ 
ao.ooo .051 ,3.900 .313 •• 505 .207 ··,; 74.ooo .085 1.400 .519 -.285 .253 ,, 
70.900 .1o4 56.500 .633 -.199 .345 .... 
70.aoo .1o4 98.750 .637 -.196 .603 . ,;~,' ' 
71.900 .098 122.200 .596 -.225 .747 
73.500 .088 137.200 .537 -.210 .838 
74.200 .084 148.ooo .512 -.291 .904 
75.000 .079 171.000 .484 
--315 1.o45 
77.000 .o68 184.200 .414 
-.383 1.126 
77.500 .o65 202.000 .397 -.402 1.234 
80.000 .051 217.500 .313 -.505 1.329 
·j 80.800 .o47 235.000 .286 -.543 1.436 
' 81.800 .o42 239.000 .254 -.596 1.461 
81.900 .o41 3o6.ooo .250 -.602 1.870 
83.800 .031 318.000 .189 -.723 1.943 
84.200 .029 423.000 .177 
--753 2.585 ,, 
86.900 .015 428.000 .093 -1.031 2.615 , 
i:' 87.000 .015 6o6.ooo .()(JO -l.o46 3.703 r. 88.ooo .010 614.ooo .o6o -1.224 3.752 ·' ii 88.900 .005 630.000 .033 -1.485 3.850 ,. 
89.800 .001 697.000 .oo6 -2.225 4.259 
78 
RUN NO. 3 
L= 28. 75 d= 5 •.75 ty:,. O. 588 
pulse Time= o.6 Re= 6000 PLAS'l'IC '!UE. 
Rlll1 No. 3 1~ Sugar Solution ?tLrchc 21, 1960 
V= 27.800 V= .19000 Q= 17.8o6 K= 
Recorder Reading Concentration Time c:v/Q Log CN/Q vT/V 
90.000 .ooo 5.6,0 .ooo .ooo .039 
80.000 .051 7.5 O .oao -1.098 .052 
70.000 .109 1~.200 .170 -.769 .090 
60.000 .176 l .100 .275 -.561 .096 
50.000 .255 17.400 .399 -.400 ,119 
40.000 .352 19.800 .550 -.260 .135 
30.000 .477 23.550 .745 -.128 .161 
25.800 .543 ~.100 .847 --072 .206 
28.800 .495 37.650 .773 -,112 ,257 
29.000 .492 69.600 .768 -,115 .476 
30.000 .477 79.100 .745 -,128 .541 
30.200 .474 a,.600 .740 -,131 .585 
33.000 .436 95.000 .680 -.167 .649 
35.500 .4o4 99.750 .631 -,200 .682 
35.700 .402 l(').000 .627 -,203 .745 
38.000 .374 116.800 .585 -.233 .798 
43.000 .321 129.000 .501 -.300 .882 
45.000 .301 1,a.500 .470 -.328 .947 
.. 46.200 .290 145.700 .452 -.345 .996 
" 50.000 ,255 151.300 .399 -,400 1.034 
52.900 .231 1&,.500 .360 -.443 1.145 
55.000 .214 181i:.200 .334 -.476 1.259 
,. 
63.000 .155 218.000 .242 -.617 1.490 
•I 66.200 246.100 .208 -.681 1.696 .133 
~., , 
t·" 69.500 .112 274.500 .175 _,756 1.876 
( 73.500 .088 298.500 .137 -,862 2.o4o ,1:. 
/, 77.200 .o67 320.000 .1o4 -.983 2.187 
80.000 .051 351.000 .080 -1.098 2.399 
80.800 .o47 396.000 .073 -1.136 2.707 
84.ooo .030 478.000 .o47 -1.330 3.267 
87.500 .012 555.000 .019 -1.719 3.793 
88.500 .007 572.000 .011 -1.943 3.909 
88.900 .005 695.000 .008 -2,079 4.750 
89.400 .003 751.000 .005 -2.'42 5.133 
90.000 .ooo 766.000 .ooo .ooo 5.235 
· RUN NO. 4 
1= 28.75 dim 5.75 !:»:i O. 588 
Pulse Time= 0.9 Re=6000 PLASTIC '!UBE 
Rurl No. 4 1~ Sugar Solution (Rerun} :t,11.rch 22,1960 
V-::: 27.700 v= .18,81 Q= 5.711 
Reeorder Reading Concentration 11'1me CN/Q Log CT/Q vT/V 
90.000 .ooo 15.050 .ooo .ooo .100 
81.000 .o46 22.200 .222 -.654 .147 
70.000 .109 ,,·.200 .529 -.276 .220 
65.000 .141 1.100 .686 -.164 .313 
63.500 
.1~ 65.750 .735 -.1~ .436 64.ooo .1 9,.500 .718 -.1 .620 
68.ooo .122 127.000 .590 -.229 .843 
70.500 .1o6 151.500 .,14 -.289 1.005 
71.800 .098 16'.800 • 76 -.322 1.100 
73.400 .089 18,.500 .429 -.367 1.218 
77.900 .o63 214.000 .3o4 -.517 1.420 
82.000 .o4o 244.ooo .196 
-· 707 1.619 
82.900 .036 294.000 .173 -.762 1.951 
85.000 .025 321.000 .120 -.919 2.130 
85.800 .021 340.000 .101 -.997 2.256 
86.ooo .020 434.ooo .096 -1.019 2.880 
89.000 
.o~ 555.000 .024 -1.627 3.683 89.200 .o 690.000 .019 -1.724 4.579 












RUN NO. ·5 
L= 28.75 d= ?•75 A= 0.588 
pulse Time= O. Rea 4000 PLASTIC '!UBE 
RUn No. 5 4~ Sugar Solution ltLrCh 24, 1960 
V= 31.400 V= .46300 Q= 14.632 Km 0,917 
Recorder Reading Concentration 1l'1me CN/Q Log CN/Q vT/V 
90.000 .ooo 9.400 .ooo .ooo .139 
80.000 .051 9.400 .110 -.960 .139 
70.000 .109 9.400 .234 -,630 ,139 
60.000 .176 9.400 .378 -,423 ,139 
50.000 .255 9.800 .548 -,261 .145 
40.000 .352 16.350 .756 -,122 .241 
35.000 .410 20~700 .880 -,055 .305 
33.100 .434 24.450 .932 -,031 .361 
33.700 .427 29.180 .915 -,038 .430 
40.000 .352 47.100 .756 -,122 .694 
. 45.000 .301 57.400 .646 -.190 .846 
49.200 .262 66.700 .563 -.250 .983 
52.100 .237 70~500 .509 --293 1.o4o 
57 .500 ,195 -rt,.200 .418 -,379 1.153 
64.200 .147 94.400 .315 -,502 1,392 
70.800 ,lo4 101.500 ,224 -.651 1.497 
70.800 .1o4 113.000 .224 -.651 1.666 
76.000 .073 118.400 .158 -,803 1.746 
79.200 .056 137.300 ,119 -,924 2,025 
82.000 .o4o 157.000 .087 -1.o62 2.315 
84.ooo .030 175.800 .o64 -1,192 2,592 
87.900 .010 184.200 .022 -1.658 2.716 
·88.000 .010 193.800 .021 -1.679 2.858 
89.000 .005 206.000 .010 -1.981 3.037 
89.100 .oo4 223.000 .009 -2,028 3.288 
89.500 .002 233.500 .005 -2,284 3.443 
90.000 .ooo 291.900 .ooo ,000 4.3o4 
RUN NO. 6 
L= 28.75 di:: 5.75 t:,;:: 0.588 · 
pulse Time= o.4 D!=5000 PLASTIC '!UBE 
Rll?l. No. 6 ~ Sugar Solution Mlreh 24, 1960 
V= 31.400 V= .57899 Q= 14.o6o K= 0.758 
Recorder Reading Concentration T'ime CN/Q Log CN/Q VT/V 
90.000 .ooo 7.540 .ooo .ooo .139 
80.000 .051 7.540 .114 -.942 .139 
70.000 .109 8.460 .244 -.613 .156 
6o.ooo .176 10.330 .393 -.405 .190 
50.000 .255 12.240 .570 -.244 .226 
40.000 .352 13.550 .787 -.lo4 .250 
36.500 .392 15.050 .875 -.058 .278 
36.500 .392 24.420 .875 -.058 .450 
40.000 .352 33.900 .787 -.lo4 .625 
44.700 .304 44.600 .679 -.168 .822 
50.000 .255 49.900 .570 -.244 .920 
57.200 .197 66.ooo .440 -,357 1.217 
61.000 .169 72.600 .377 -.423 1.339 
70.000 .109 82.800 .244 -.613 1.527 
72.000 .097 95.000 .216 -.665 1.752 
78.100 .062 107.200 .138 -.862 1.977 
79.000 .057 u4.4oo .126 -.898 2,109 
81.800 .o1+2 125.200 .093 -1.033 2.309 
84.ooo .030 136.500 .067 -1.174 2.517 
£l8.ooo .010 158'~000 .022 -1.661 2.913 
&9,200 .oo4 167.500 .009 -2.o61 3.089 
~9.500 .002 186.000 .005 -2.266 3.430 
90.000 .ooo 192.000 .ooo .ooo 3.540 
~ RUN NO. 7 
L= 28.75 d;:: 5.75 6i: 0.588 
pulse Time=0.4 Re =3000 PLASTIC ME 
RUn No. 7 4~ugar Solution March24, 1960 
V= 31.400 1Ji, .34801 Q= 5.009 K= 1.874 
Recorder Reading Concentration ~ CN/Q Log cv/Q vT/V 
90·.000 .ooo u.300 .ooo .ooo .125 
au.coo .051 12.200 .321 -.494 .135 
70.000 .1QCJ 13.180 .684 -.165 .146 
60.000 .176 14.500 1.104 .043 .161 
57.000 .198 18.800 1.244 .095 .208 
54.800 .215 26.350 1.351 .131 .292 
56.300 .204 32.000 1.277 .1o6 .355 
57.300 .196 41.400 1.229 .090 .459 
62.900 .156 53.700 .975 -.OU .595 
66·.100 .134 62.100 .840 -.076 .688 
68.800 .117 75.400 .731 -.136 .836 
73.000 • ()(Jl 80.ooo .570 -.244 .887 
73.300 .089 84.600 .559 -.253 .938 
75.200 .078 86.500 .489 --3ll .959 
75.300 .077 94.200 .486 -.314 1.044 
78.200 .o61 99.000 .383 -.417 1.097 
81.600 .o43 1crr.200 .267 -.574 1.188 
82.000 .o4o ll6.8oo .253 -.596 1.294 
82.000 .o4o 121.500 .253 -.596 1.'47 
85.200 .024 1'4.200 .149 -.826 1.487 
- 88.100 140:.100 .058 1.553 ;. • O()(J -1.235 
(, 88.500 .007 152.400 .o46 -1.339 1.689 
/. 89.800 .001 162.000 .oo6 -2.213 1.795 ;.:: 
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RUN NO. 8 
1= 28. 75 d= 5. 75 /j;= 0.588 
Pulse Time= 0.4 Re=3000 PLASTIC '!UBE 
RUn No. 8 3CP,, Sugar Solution J.ILrch 25 ,1960 
'!:,, 27.200 V= .19400 Q= l.397 K= 1. 719 
Recorder Reading Concentration '!'1me r:v/Q Log r:v/Q vT/V 
90.000 .ooo 24.450 .ooo .ooo .174 
80.500 .o48 2&.800 .943 -.025 .205 
80.000 .051 ~7.700 .996 -.002 .269 
79.800 .052 7.100 1.017 .007 .336 
76.000 .o62 51.750 1.210 .083 .369 
78.300 .o6o 81.750 1.178 .071 .583 
78.300 .o6o 90.500 1.178 .071 .645 
80.000 .051 101.500 .996 -.002 .724 
80.200 .050 1oa·.500 .975 -.OU .774 
81.100 .o45 113.000 .881 -.055 .8o6 
81.200 .o45 116·.300 .870 -.o6o .844 
81.900 .o41 124.100 .798 -.098 .885 
83.300 .034 140.100 .654 -.184 .999 
84.200 .029 142.500 .563 -.249 1.016 
84.800 .0'26 164.800 .503 -.298 1.175 
85.800 .021 171.750 .4o4 -.393 1.225 
86.900 .015 183.500 .296 -.528 1.309 
87.800 .ou 186.900 .209 -.679 1.333 
88.700 .oo6 202.000 .123 -.909 1.441 
89.500 .002 210.500 .o47 -1.326 1.501 
,. 
89.900 .ooo 220.000 .010 -2.022 1.569 
,: 90.000 .ooo 232.000 .ooo .ooo 1.655 
' ,:-
1" I ! 




:1 .. , 





RUN NO. 9 
L= 28,75 d= ~,75 6.= 0,588 
pulse Time=O, Re =4000 PIASTIC '!UBE 
Run No, 9 3CI/, Sugar Solution March 25, 1960 
V= 27,200 V= .25850 Q= 4.538 K=l.178 
~~. :~ 
Recorder Reading Concentration Time r:v/Q Log r:v/Q vT/V 
90.000 .ooo 18.080 .ooo .ooo .172 
85.000 .025 18.800 .149 -.827 .179 
80.000 .051 19.350 .307 -,51, .184 
75.000 .079 20.700 .475 -,32 .197 
70.000 .109 21.050 .654 -.184 .200 
65.000 .141 22.950 .847 -.072 .218 
63.800 .149 23.500 .896 -.o48 .223 
62.000 .162 34.800 .970 -.013 .331 
60.900 .170 50.800 1.017 .007 .483 
61.500 .165 57.250 .991 -,004 .544 
62.200 .160 72.400 .962 -.017 .688 
64.QOO .143 82.800 .855 -,068 .787 
67.200 .127 90.500 .760 -,119 .860 
68.900 .116 97.200 .695 -.158 .924 
71.000 .103 114.400 .617 -,210 1.087 
75.500 .076 121.800 .457 -.340 1.158 
80.000 .051 141.000 .307 -,513 1.340 
81.200 .o45 159.500 .268 -·572 1.516 
83.600 .032 164.900 .192 -,717 1.567 
83.800 .031 177.000 .186 -.131 1.682 
85.800 .021 180.800 .124 -.905 1.718 
88.400 .008 200.500 .o47 -1.330 1.924 
89.300 .003 213.000 .020 -1.691 2.0'24 






RUN NO. 10 
L= 28.75 cl= 5. 75 A= 0.588 
pulse 'J.':f;mls= o.4 Re=5000 PLASTIC '!UBE 
Run r{o. 10 3C/fo Sugar Solution March 25, 1960 
V= 27.200 V= •32401 Q= 7.004 Ki:: 1.0 
Recorder Reading Concentration Ti~ CT/Q Log cv/Q vT/V 
90.000 .ooo 15.600 .ooo .ooo .186 
s,.ooo .005 16.580 .096 -1.017 .197 
80.000 .051 16.920 .198 -. 703 .202 
75.000 .079 18·.100 .307 --513 .216 
70.000 .l()CJ 18.800 .423 -.374 .224 
65.000 .141 20.850 .547 -.262 .248 
60.000 .176 22.950 .682 -.166 .273 
55.000 .214 28~200 .828 -.082 .3:;6 
53.400 .227 31.100 .878 -.057 .370 
53.300 .228 52.500 .881 -.055 .625 
55.200 .212 68.200 .822 -.085 .812 
58.100 .190 78.600 .736 -.133 .936 
60.600 .172 81.000 .665 -.177 .965 
61.000 .169 88.400 .654 -.184 1.053 
67 .200 .127 101.500 .491 --309 1.209 
70.700 .105 114.800 .406 -.392 1.367 
73.100 .090 121.800 .350 -.456 1.451 
75.800 .075 1,1.900 .289 - 0 539 1.571 
ao.oro .051 1 2.500 .198 -.703 1.697 
81.200 .o45 156.000 .173 -.762 1.858 
83.900 .030 169.200 .118 -.928 2.015 
88.000 .010 182.800 .038 -1.422 2.177 
89.000 .005 195.900 .019 -1.725 2.334 
90.000 .ooo 197.800 .ooo .ooo 2.356 
RUN NO. 11 
L= 28.75 cl= 5.75 6i= 0.588 
pulse Time= 0.4 Re= 6000 PLASTIC 'nJBE 
Run No, 11 30/, Sugar Solution ?t{arch 25, 1960 
V= 27,200 V= ,38901 Q= 9,749 K= 0.827 
Recorder Reading concentration Time CV/Q Log <:v/Q vT/V 
90.000 .ooo 9.410 .ooo ,000 .13-5 
85.000 .025 9.600 .o69 -1.160 .137 
80.000 .051 11.300 .143 -.845 .162 
70.000 .109 11.300 .304 -.516 .162 
60.0QO .176 u.300 .491 -,309 .162 
53.200 .228 17.300 .637 -.196 .247 
47.100 .281 18.080 .785 -.105 .259 
45.000 .301 24.100 .840 -.076 .345 
42.100 .330 28.200 .921 -.036 .403 
42.000 .331 42.200 .923 -.035 .6o4 
46·.000 ,291 47.000 .813 -,090 .672 
4fr.OOO .291 53.100 .813 -,090 .759 
50.000 .255 55.500 ,712 -.147 .794 
54.8QO .215 60.700 .601 -,221 .868 
54.9qc> .215 €r{.8oo .599 -,223 .970 
57,lQO .198 73.300 .551 -,259 1.o48 
61.400 .166 85.200 .463 - 0 334 1.219 
67.300 .126 96.000 .352 -.453 1.373 
-69.700 ,lll 99.600 .310 -,509 1.424 
73.100 .090 lll.000 .252 - 0 599 1.587 
!, 77.oc,o .068 122.800 .189 -,723 1.756 
(':· 79.400 .054 130.000 .152 -.819 1.859 
i 
81.800 .o42 145.000 .116 -,936 2.074 
.. ; 
1 .. 




88.9qo .005 175.000 .015 -1.826 2.503 
'·' i 89.2qo .oo4 183.700 .011 -1.965 2.627 
.I 
I . 90.oqo .ooo 185.000 ,000 .ooo 2.646 





RUN NO. 12 
L= 28.75 d= 5.75 Ai= 0.588 
pulse Time= 1.7 Re= 4000 PLASTIC 'RJBE 
RUn No. 12 2D.' Sugar Solution :ttl.rch 25, 1960 
V= 28,800 V= .16650 Q= 6.714 K= 1.168 
·· .. 
Recorder Read.1?18 Concentration Time CN/Q Log CN/Q vT/V 
. t•' 
{, 
90.000 .ooo 21.600 .ooo .ooo .125 
so.cm .051 31.050 .219 -.659 .180 
70.oeo .109 38.600 .468 -.330 .223 
60.000 .176 41.750 .755 -.122 .241 
53.300 .228 54.200 .976 -.011 .313 
54.l~ .221 101.700 .948 -.023 .588 
58.0 .191 123.500 .818 -.087 .714 
58.800 .185 144.800 .793 -.101 .837 
63.8® .149 168.500 .641 -.193 .974 
·65.nm .141 171.900 .603 -.219 .994 
70.000 .109 193.900 .468 -.330 1.121 
75.100 .079 2Z"(.OOO .337 -.472 1.312 
77.000 .o68 256.000 · .291 -·537 1.480 
78.500 .059 270.000 .255 -.594 1.561 
80.100 .051 275.000 .217 -.663 1.590 
80.-300 .050 292.000 .212 -.673 1.688 
82.000 .o4o 311.000 .173 -.161 1.798 
~: 85.oeo .025 342.000 .1o6 - 0 973 1.977 r·· 
.-, 86.100 .019 366.000 .083 -1.083 2.116 ,,· 
{: 
!· 
87.800· .011 380.500 .o46 -1.336 2.200 
,:; 88.400 .008 402.500 .033 -1.476 2.327 
89.500 .002 426.000 .010 -1.983 2.463 









ij : ' 
RUN NO. 13 
. , . 
• ,, I I 
,;: L= 28.75 ·~ 5.75 t:,p. 0.588 
i 
I puJ."e Time= 1.6 Re= 5000 PLASTIC WBE 
! R1ll'l No. 13 20/, Sugar Solution March 25, 1960 
I. 
i 
V= 28.-800· V= e20799 Q= 8.683 K= 1.275 
Recorder Reading Concentration T~ <:v/Q Log <:v/Q vT/V 
90.000 .ooo 20.700 .ooo .ooo .149 
80.000- .051 21.600 .170 -,770 .156 
70.cx,, .109 30.150 .362 -.441 .218 
60.000 .176 37.500 .584 -.234 .271 
50.000· .255 47.500 .847 -,072 .343 
45.800 .293 58.400 .973 -.012 .422 
45.200 .299 71.500 .992 -.003 .516 
45.1ocr .300 81.000 .995 -.002 .585 
46.800' .284 96.800 .942 -.026 .699 
50.800 .248 108.100 .824 -.084 .781 
50.800 .248 123.800 .824 -.o84 .894 
55.000 .214 128.300 .709 -.149 .927 
56.600 .201 139.100 .668 -.175 1.005 
60.100 .175 145.800 .582 -.235 1.053 
60.100 .175 154.200 .582 -.235 1.u4 
65.900 .135 178.000 ,lµi.9 -.348 1.286 
70.900 .1o4 192.000 .344 -.464 1.387 
74.ooo .085 207·.ooo .282 -.550 1.495 
78.900 .057 226.000 .190 -.122 1.632 
79.5oq .054 235.500 .179 --748 1.701 
t· 
80.800 .o47 243.000 .155 -.809 1.755 
a3.700 .032 255.000 .105 --981 1.842 
\ 83.800 .031 266.000 .103 -.988 1.921 :~ . 87.100 .014 290.000 .o47 -1.326 2.094 
>' 
r;-
;•: 89.000 .005 308.500 .016 -1.792 2.228 
( 90.000 .ooo 318.000 .ooo .ooo 2.297 ,, 
( 




'1 ' ' ,·, 
'.! 
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RUN NO. 14 
1= 28.75 d:: 5.75 A= 0.588 
pulse Tine= 1.8 Re= 6000 PLASTIC 'IDBE 
mm No. 14 2CJ/, Sugar Solution March 25, 1960 
V= 28.800 V= .25000 Q= 18.4u K= 0.830 
Recorder Reading Concentration Time cv/Q Log cv/Q vT/V 
I 90.000 .ooo .1o6 
r ' . 
12.220 .ooo .ooo 
·80.000 .051 15.050 .080 -1.097 .131 
70.000 .l(JJ 15.420 .171 -.768 .134 
60.000 .176 18.820 .275 -.560 .163 
50.000 .255 20.700 .399 -.399 .180 
40.000 .352 24.500 .551 -.259 .213 
30.000 .477 27.850 .746 -.127 .242 
24.200 .570 31.300 .892 -.050 .272 
24.ooo .574 69.400 .898 -.o47 .602 
30.000 .477 87.400 .746 -.127 .759 
34.000 .423 96.900 .661 -.180 .841 
37.600 .379 105.400 .593 -.227 .915 
43.300 .318 123.000 .497 -.:;o4 1.068 
47.500 .278 136.300 .434 -.362 1.183 
I 
55.000 .214 155.800 .335 -.476 1.352 
., t50.500 .173 174.800 .270 -.569 1.517 
66.100 .134 192.200 .210 -.678 1.668 
71.300 .101 212.500 .158 -.801 1.845 
73.000 .(JJl 220.000 .142 -.847 1.910 
78.100 .o62 247.500 .096 -1.016 2.148 
80.000 .051 254.000 .080 -1.097 2.205 
81.100 .o45 274.000 .071 -1.150 2.378 
-85.000 .025 292.000 .039 -1.411 2.535 
86.ooo .020 315.000 .031 -1.510 2.734 
87.600 .012 328.000 .018 -l.7"36 2.847 
88.800 .oo6 348.000 .009 -2.039 3.021 
89.200 .oo4 368.000 .oo6 -2.217 3.194 









RUN NO. 15 
L= 28.75 d= 5.75 I);: 0.588 
pulse Time= 1.7 Re=7000 PIASTIC 'l'OBE 
Run No. 15 ';.a/, Sugar Solution March 25, 1960 
V= 28.800 V= •29100 Q= 24.255 K= o.8S6 
Recorder Reading Concentration Time CN/Q Log CN/Q vT/V 
90.000 .ooo 13.180 .ooo .ooo .lij 
·80.000 .051 14.690 .061 -1.217 .1 
70.000 .109 15.420 .130 -.887 .156 
60.000 .176 18.800 .209 -.680 .190 
50.000 .255 20. 700 .303 -.518 .209 
40.000 .352 21.600 .418 -.379 .218 
30.000 .477 22.600 .566 -.247 .228 
20.000 .653 25.600 .776 -.110 .259 
12.800 .847 29.750 1.oo6 .002 .301 
13.300 .830 53.700 .986 -.Oo6 .543 
18.300 .692 70.600 .821 -.085 .713 
26.100 .538 88.400 .638 -.195 .893 
35.000 .410 104.500 .487 -.312 1.056 
41.000 .:,41 113.400 . .405 -.392 1.146 
45.000 .301 120.500 .357 -.447 1.218 
51.300 .244 136.300 .290 -.538 1.377 
6o.ooo .176 148.ooo .209 -.680 1.495 
61.200 .168 172.200 .199 -.101 1.740 
if{ .ooo .128 186.000 .152 -.818 1.879 
71.000 .103 202.000 .122 -.913 2.o41 
76.900 .o68 214.ooo .081 -1.091 2.162 
i 
rr.100 .o67 226.000 .080 -1.098 2.284 
F 79.000 .057 240.000 .o67 -1.173 2.425 
,. 
~i .- 84.200 .029 268.500 .034 -1.464 2.713 
( 85.800 .021 285.500 .025 -1.608 2.885 
A 
'. 
87.900 .010 309.500 .012 -1.915 3.127 
:.;_ 
' 
89.000 .005 327.000 .oo6 -2.239 3.3o4 
·l 
I j·i ' 90.000 .ooo 
360.000 .ooo .ooo 3.637 
l ' r<. 
RUN NO. 16 
L= 28.175 d= ;.75 6;: 0.588 
Pulse~ 1.1 R4!=6000 PLASTIC t.raBE 
Run No. 16 l" Sugar Solution March 26, 1960 
V= 27.800 V= •19501 Q= 3.680 K= J.J8 
Recorder Reading Concentration Tine CN/Q Log CN/Q vT/V 
90.000 .ooo 20.350 .ooo .ooo .143 
85.000 .025 21.050 .188 -.121 .148 
~.ooo .051 22.600 .386 -.413 .159 
75.000 .079 22.950 .598 Ct223 .161 
70.000 .109 23.150 .824 -.084 .162 
65.000 .141 25.400 1.o68 .028 .178 
60.000 .176 33.150 1.330 .124 .233 
56.-800 .200 37.700 1.510 .179 .264 
57.000 .198 50.500 1.498 .176 .354 
57.900 .192 63.500 1.447 .160 .445 
59.900 .177 76.250 1.336 .126 .535 
62.600 ,..158 81.000 1.191 .076 .568 
62.700 .157 96.000 1.186 .074 .673 
67.000 .128 1o4.ooo .968 -.014 .730 
70.200 .108 109.200 .815 -.089 .766 
70.900 .1o4 120.500 .783 -.lo6 .845 
75.000 .079 131.500 .598 -.223 .922 
83.000 .035 145.000 .266 -.576 1.017 
85.200 .024 158.800 .180 -.745 1.114 
85.400 .023 175.800 .172 -.764 1.233 
87.000 .015 186.800 .lll -.954 1.310 
89.000 .005 .195.800 .037 -1.435 1.373 
,. 













RUN NO. 17 
L= 28.75 di= 5.75 A.= o. 588 
pulse Tim = 1·.1 Re= 5000 PLASTIC '!UBE 
R1lil No. 17 1~ Sugar Solution March 26, 1960 
V= 27.-'800 V= .16280 Q= 4.599 T<'= 2.63 
Recorder Reading Concentration . Time cv/Q Log cv/Q vT/V 
90.000 .ooo 16.930 .ooo .ooo .099 
80.000 .051 21.600 .309 -.510 .126 
71.500 .100 28.200 .6o4 -.219 .165 
70.000 .109 29.900 .660 -.181 .175 
64.000 .148 34.200 .895 -.o48 .200 
63.800 .149 41.400 .903 -.044 .242 
60.000 .176 48.250 1.o64 .027 .283 
55.800 .208 51.700 1.255 .099 .303 
54.200 .220 63.000 1.331 .124 .369 
( 55.100 .213 73.400 1.288 .110 .430 
56.400 .203 79.100 1.227 .089 .463 
58.900 .184 90.700 1.113 .o46 .531 
60.800 .170 185.500 1.030 .013 1.086 
62.000 .162 113.500 .978 -.010 .665 
64.800 .143 123.500 .862 -.o64 .723 
66.900 .129 141. 700 .779 -.109 .830 
70.900 .1o4 156.800 .626 -.203 .918 
73.000 .091 167.900 .550 -.260 .983 
78.400 .o6o 189.000 .362 -.441 1.107 
' 
81.000 .o46 2o6.ooo .277 -.558 1.2o6 
( 
85.500 .022 239.500 .135 -.871 1.403 
87.200 .014 253.000 .083 -1.081 1.482 
Ii 88.200 .009 284.ooo .053 -1
.275 1.663 
(~ 89.000 .005 291.500 .029 -1.532 1.707 
,·./ 89.300 .003 300.000 .021 -1.687 1.757 .... 





RUN NO. 18 
L= 28.75 d= 5.75 1::,;:. o. 588 
pulse Time= 1.-8 'Re = 7000 PLASTIC '!UBE 
R\ll1 No. 18 1~ Sugar Solution March 26, 1960 
V= 27~800 V= .22800 Q= 5.429 K= 2.375 
Recorder 'Reading Concentration '!'11De CN/Q Log CN/Q vT/V 
90.000 .ooo 16.930 .ooo .ooo .139 
85.000 .025 16.930 .127 -.896 .139 
80.000 .051 18.090 .262 -.582 .148 
70.·ooo .lQCJ 20.700 .559 -.253 .170 
60.-000 .176 21.050 .902 -.o45 .173 
56.000 .2o6 22.200 1.055 .023 .182 
55.poo .214 29.150 1.095 .039 .239 
52.400 .235 32.600 1.203 .oao .267 
52.eoo .232 58.750 1.186 .074 .482 
54.'000 .222 70.000 1.136 .055 .574 
58.100 .190 95.000 .973 -.012 .779 
65.'000 .141 108.950 .724 -.140 .894 
65.aoo .136 113.500 .696 -.157 .931 
69.100 .115 114.950 .588 -.231 .943 
69.200 .114 122.500 .584 -.233 1.005 
75.-000 .079 131.800 .405 -.,92 1.o81 
75.600 .075 138.800 .382 -· 18 1.138 
80;000 .051 152.000 .262 -.582 1.247 
83.-000 .035 167.000 .180 -.745 1.370 
' 
85.000 .025 171.000 .127 -.896 1.40'2 
( ,. 




89.000 .005 186.000 .025 -1.6 1.525 




I J ' • 
! 
94 
HJN NO. 19 
1=11.50 d.=5.75 l:F0.588 
Pulse Time=O.l Re=3000 PLASTIC '!UBE 
FUN No. 19 4~ sugar Solution viscosity=4.84 c.p. 
sp.Gr. =l.1658 April 9,1960 
V= 12.600 V= •37500 Q: 3.352 K= 0.623 
' 
Recorder :Reading Concentration Time cv/o. Log c:v/o. vT/V 
I I. 90.000 1.880 .056 
' 
.ooo .ooo .ooo 
I 20.000 .653 2.350 2.455 .390 .070 
2.500 1.556 2.800 5.848 .767 .083 
40.000 .352 3.020 1.323 .122 .090 
50.000 .255 3.300 .959 .• 018 .098 
55.800 .208 5.820 .780 -.108 .173 
60.000 .176 12.420 .662 -.179 .370 
65.000 .141 20.100 .531 -.275 .598 
I • 
70.200 .108 30.150 .406 .• 392 .897 
·I 78.000 .o62 47.200 .234 -.632 1.405 
I 
; 
; 82.000 .o4o 69.600 .152 -.818 2.071 
83.700 .032 83.400 .118 .• 926 2.482 
88.000 .010 99.000 .037 -1.435 2.946 
88.100 .009 114.500 .035 -1.458 :;.408 
89.000 .005 118.500 .018 -1.738 3.527 
\• 
89.300 .003 131.900 .013 -1.893 3.926 
: 90.000 .ooo 
( 
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RJN NO. 20 
I 
l 1=11.50 c1=5.75 A=0.588 
Pulse Time=O,l Re=3000 PLASTIC '!UBE 
RUn No. 20 40,, Sugar Solution April 9 ,1960 
V= 12.600 V= •37500 Q.= 3.728 K"' 0.358 
Recorder Reading Concentration Time CN/0 Log CN/Q. vT/V 
... 
90.000 .ooo 1.510 .ooo .ooo .045 
80.000 .051 1.880 .173 -.762 .056 
30.000 .477 2.350 1.612 .207 .070 
3.200 1.449 2.800 4.897 .690 .083 
50.000 .255 3.020 .863 -.o64 .090 
54.ooo .222 5.820 .750 -.125 .173 
60.000 .176 19.950 .595 -.225 .594 
67.000 .128 27.100 .433 .• 363 .807 
74.300 .o83 41.100 .281 .• 551 1.223 
77.200 .067 49,800 .225 •• 648 1.482 
79.000 .057 58.400 .191 --718 1.738 
82.000 .040 76.400 .137 .• 864 2.274 
83.800 .031 88.500 .105 .• 980 2.634 
88.000 .010 111.500 .033 -1.482 3.318 
89.000 .005 124.200 .016 -1.784 3.696 
89.200 .oo4 139.200 .013 -1.881 4.143 
89.900 .ooo 158.100 .002 -2.783 4.705 
90.000 .ooo 160.000 .ooo .ooo 4.762 
l. ,, j , 
96 
RJN NO. 21 
L=ll.50 cL:a5. 75 ll;a0.588 
Pulse Time=O.l Red+OOO PLASTIC '!UBE 
RWl No. 21 4" Sugar Solution April 9 ,1960 
V= 12.600 V= .50000 Q= 4.976 K= 1.000 
. I 
Recorder Reading Concentration Time cv/o. Log cv/Q VT/V 
90.000 .ooo 1.410 .ooo .ooo .056 
30.000 .477 1.880 1.208 .082 .075 
8.500 1.025 1.880 2.595 .414 .ay5 
40.000 .352 2.260 .892 .• 050 • O<)t) 
46.800 .284 6.830 .719 -.143 .271 
51.300 .244 11.300 .618 .• 209 .448 
54.200 .220 14.300 .558 -.254 .567 
64.100 .147 27.100 .373 -.428 1.075 
70.000 .109 31.500 .276 .• 559 1.250 
74.300 .083 41.100 .211 -.676 1.631 
77.200 .o67 46.ooo .169 .• 773 1.825 
81.000 .o46 56.500 .116 .• 936 2.242 
84.200 .029 69.600 .073 -1.135 2.762 
86.200 .019 79.100 .047 -1.324 3.139 
-
87.200 .014 86.500 .035 -1.459 3.433 
;. 87.500 .012 117.500 .031 -1.509 4.663 
89.200 .oo4 135.500 .010 -2.007 5.377 
4: 89.800 .001 168.800 .002 -2.607 6.698 
r 
- ) ! 
t 




~~- I .j 
e. j 
·~ 




HJN NO• 22 il .. 
L=ll•50 d.:5.75 A=0.588 
Pulse Ti:me=O.l :ae=4ooo PIASTIC TUBE 
RUn No. 22 4~ Sugar Solution APRIL 9, 1960 
V= 12.600 V= .50000 Q= 5.o49 K= 1.537 
Recorder Reading Concentration Time r:v/Q Log CN/Q VT/V 
90.000 .ooo 1.880 .ooo .ooo .075 
30.000 .477 2.260 1.191 .076 .090 
21.800 .616 2.800 1.537 .187 .111 
42.000 .331 3.770 .826 -.083 .150 
44.ooo .311 5.650 .775 -.110 .224 
50.000 .255 9.410 .637 -.196 .373 




59.100 .183 18.080 .456 -.341 .717 
65.000 .141 25.400 .353 -.453 1.008 
69.000 .115 31.500 .288 -.541 1.250 
71.500 .100 36.200 .249 -.603 1.436 
80.000 .051 54.250 .128 -.894 2.153 
81.800 .042 66.100 .1o4 -.985 2.623 
83.900 .030 78.000 .076 -1.119 3.095 
86.ooo .020 97 .250 .o49 -1.308 3.859 
87.500 .012 107.800 .031 -1.515 4.278 
89.200 .oo4 124.100 .010 -2.013 4.925 
89.600 .002 150.500 .005 -2.317 5.972 














',-~ . : 
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HJN NO• 23 
L=ll.50 cJ,:.5.75 6:;0.588 
Pulse Time•0.5 Re•3000 PLASTIC '!UBE 
RWl No. 23 30 ~ Sugar Solution Viscoaity.2.58 cp 
sp.or •• 1.1126 April 10,1960 
V= 12.150 V= .21899 Q• 3.785 K•0.635 
~corder Reading Concentration Time r:v/Q 
90.000 .ooo 1.880 .ooo 
50.000 .255 2.260 .819 
20.000 .653 2.800 2.096 
.100 2.954 3.020 9.481 
30.000 .477 3.770 1.531 
49.900 .256 6.030 .822 
55.600 .209 9.800 .671 
57.000 .198 18.100 0637 
65.000 .141 32.400 .454 
70.000 .109 45.200 .350 
73.000 .091 58.400 .292 
78.200 .061 82.200 .196 
79.000 .057 101.800 .182 
81.900 .o41 120.500 .131 
82.900 .036 132.000 .115 
84.ooo .030 162.000 .096 
85.500 .022 165.900 .071 
87.000 .015 174.900 .o47 
87.200 .014 224.000 .o44 
87.600 238.500 .038 .012 
89.000 .005 248.ooo .016 
268.000 .ooo 90.000 .000 
Log CV/Q VT/V 
.ooo 
-~4 






.• 196 .326· 
.• 343 .584 
.• 456 .815 
.• 535 1.053 
.• 708 1.482 
.• 741 1.835 
-.881 2.172 








HJN NO, 24 
1=11.50 c1=5.75 A=0.588 
FU].se Time•0.4 Re=3000 PIASTIC 'RT.BE 
Rllll No. 24 3~ Sugar Solution Aprll 10 ,1960 
V= 12.150 V= .21899 Q= 5.215 K= 0,435 
Recorder Reading Concentration Time cv/Q tog cv/Q vT/V 
90.000 .ooo 1.880 .ooo .ooo .034 
10.000 .954 2.260 2.223 .347 .o41 
.100 2.954 3.580 6.882 .838 .o65 
50.000 .255 4.150 .595 -.226 .075 
52.100 .237 10.180 .553 -.257 .183 
56.000 .206 21.600 .480 •• ,19 .389 
60.800 .170 33.580 .397 -· 01 .605 
64.100 .147 48.200 .343 -.464 .869 
69.000 .115 64.400 .269 .• 571 1.161 
71.100 .102 73.400 .239 .• 622 1.323 
72.800 .092 83.400 .215 -.668 1.503 
78.100 .o62 107.800 .144 -.843 1.943 
82.000 .o4o 147.000 .094 -l,o26 2.650 
83.000 .035 168.800 .082 -l.087 3.o42 
84.100 .009 178.500 .069 -1.164 3.217 
,"· 84.500 .027 224.100 .064 -1.195 4.039 .. 
' 
84.800 .026 254.ooo .o6o -1.220 4.578 
87.000 .015 262.000 .034 -1.465 4.722 
89.800 .001 289.300 .002 -2.643 5.214 
RJN NO. 25 
L=ll.50 cL:5.75 A=0.588 
Pulse Time-1.0 Res:4000 PIASTIC ME 
Run No. 25 3~ Sugar Solution April 10 ,1960 
V= 12.150 V= .28799 Q= 5.845 K= 0.556 
Recorder Reading Concentration Time CN/Q Log W/Q vrr/v 
90.000 .ooo 1.410 .ooo .ooo .033 
80.000 .051 1.880 .1o6 -.973 .o45 
40.000 .352 2.260 .732 .• 136 .054 
.100 2.954 3.020 6.140 .788 .(l{2 
40.000 .352 4.150 .732 .• 136 .098 
43.000 .321 9.410 .667 .• 176 .223 
47.200 .280 15.420 .583 -.235 .366 
55.000 .214 27.100 .445 .• 352 .642 
59.000 .183 36.650 .381 -.419 .869 
64.ooo .148 46.200 .308 .• 512 1.095 
70.800 .lo4 64.ooo .217 -.664 1.517 
71.200 .102 69.300 .212 -.675 1.643 
75.600 .076 82.400 .157 -.803 1.953 
79.000 .057 97.400 .118 -.929 2.309 
81.200 .o45 ll2.900 .093 -1.032 2.676 
85.000 .025 137.500 .052 -1.287 3.259 
86.900 .015 159.000 .032 -1.500 3.769 
87.000 .015 188.000 .031 -1.514 4.456 
88.900 .005 208.000 .011 -1.954 4.930 
90.000 .ooo 22.500 .ooo .ooo .533 
'"-- ... 
RJN NO, 26 
L=ll,50 d.=5.75 6:=0.588 
Pulse Time=0.5 Re::4000 PLASTIC 'llIBE 
RUn NO, 26 3ofo Sugar Solution April 10 ,1960 
V= 12,150 V= .28799 Q= 7.601 K= 0.562 
Record.er Reading Concentration Time CV/Q Log CV/Q vT/V 
90.000 .ooo 1.410 .ooo .ooo .03:3 
Go.ooo .051 1.880 .082 -1.087 .o45 
20.000 .653 2.260 1.044 .019 .054 
10.000 .954 2.800 1.525 .183 .066 
.100 20954 3.020 4.722 .674 .072 
30.000 .477 3.390 .763 -.118 .080 
38.200 .372 11.680 .595 -.226 .277 
45.800 .293 24.100 .469 -,329 .571 
50.000 .255 28.600 .408 -.389 .678 
.. 
55.200 .212 43.400 .339 -.469 1.029 
.,· 
64.500 .145 63.400 .231 -.636 1.503, 
66.100 .134 71.600 .214 -.669 1.697 
' 
68.800 75.400 .186 1.787 
·d 
.117 -,729 
75.800 .075 97.200 .119 -,924 2.304 
78.600 .059 113.000 .094 -1.0'27 2.678 
80.900 .o46 120.500 .074 -1,131 2.856 
82.000 .040 159.000 .065 -1.190 3.769 
83.900 .030 171.800 .o49 -1,312 4.072 
85.200 .024 180.900 .038 -1.420 4.288 
88.900 .005 252.200 .009 -2.068 5.978 
89.800 .001 342.000 .00'2 -2,808 8.107 
HJN NO. 27 
' i 
,. 1=11.50 dr:5.75 A::0.588 
pu]_se Tim=0.5 Re::5000 PLASTIC '!UBE 
' 
RUn No. 27 3afo Sugar Solution April 10, 1960 
\. V= 12.150 V= .36000 Q= 8.409 K= 0.578 
Recorder Reading Concentration Time cv/o. Log CV/G. vT/V 
90.000 .ooo .940 .ooo .ooo .028 
80.000 .051 1.410 .074 -1.131 .042 
30.000 .477 1.880 .689 -.162 .056 
.100 2.954 2.260 4.268 .630 .067 
25.000 .556 3.770 .8d+ -0095 .112 
29.900 .• 479 7.340 .691 -.160 .217 
38.200 .372 12.410 .538 -.269 .368 
44.900 .302 19.800 .436 -.360 .587 
58.200 .189 41.500 .274 -.563 1.230 
62.800 .156 49.000 .226 -.646 1.452 
69.000 .115 61.100 .167 -.778 1.810 
75.100 .079 79.300 .114 -.945 2.350 
i: 
80.000 .051 93 .. 600 .074 -1.131 2.773 
81.200 .o45 109.500 .065 -1.190 3.244 
'{ - 85.000 .025 126.500 .036 -1.445 3.748 
:t 86.200 .019 143.500 .027 -1.568 4.252 ,,, 
1~•: I 
~; 87.700 .ou 171.000 .016 -1.790 5.067 
., 88.900 .005 192.000 .008 -2.lll 5.689 
f, 




RJN NO, 28 
L=ll-50 d:5,75 6=:0.588 
Pulse Time=O,l Re:5000 PLASTIC '!UBE 
Rtm No, 28 3CY/o Sugar Solution April lo, 1960 
V= 12,150 V= .36000 Q= 4.184 K= o.L83 
Recorder Reading Concentration Time CN/G. Log CN/Q VT/V 
90.000 .ooo 1.510 .ooo .ooo .045 
20.000 
.65, 1.880 1.897 .278 .056 
.100 2.95 2.260 8,579 .933 .067 
50.000 .255 2.800 .741 .• 130 .083 
55.000 .214 5.650 .621 -,207 .167 
61.000 .169 15.440 .490 -.309 .457 
64.300 .146 20.900 .424 .• 373 .619 
69.200 .ll4 30.150 .331 -.480 .893 
73.100 .090 41.100 .262 .• 581 1.218 
, . 78.800 .058 58.400 .168 -,776 1.730 
. f. 
[. I 81.800 .042 68.400 2.027 .121 .• 919 
81.900 .o41 86.ooo .119 -,925 2.548 
83.800 .031 94.250 .090 -l.o46 2,793 
·, 84.ooo .030 117.500 .087 -1.060 3.481 r· 
.7 87.000 .015 126.500 .o43 -1.369 3.748 I; 
"ii. 88.900 .005 162.900 .016 -1.808 4.827 (· ' 
l 90.000 .ooo 224.100 .ooo .ooo 6.640 . ,-· 
• . , 
r 
i; 








RJN NO. 29 
1=11.50 dr:5.75 6:0.588 
Pulse Time=0.4 Re=6000 PLASTIC 'llJBE 




V= 12.150 V= .43201 Q= 14.768 K= 0.464 
Recorder Reading Concentration Time CT/Q Log CT/Q vT/V 
90.000 .ooo 1.410 .ooo .ooo .050 
.100 2.954 1.690 2.430 .386 .o6o 
17.100 .721 8.460 .593 -.227 .301 
23.100 .591 11.300 .486 -.314 .402 
30.000 .477 14.100 .392 -.406 .501 
40.000 .352 22.950 .290 -.538 .816 
\ 50.000 .255 33.950 .210 -.678 1.207 
I: 
·, 51.800 .240 36.700 .197 -,705 1.305 t,. 60.000 .176 49.000 .145 -.839 1.742 
JI t 65.100 .141 57.300 .116 - 0 937 2.037 •}., ! 
t ,,, 75.000 .079 77.400 .o65 -1.186 2.752 
i-
,· 
J- 78.000 .o62 89.000 .051 -1.291 3.164 ·, .• '~· 
f: 81.800 .o42 107.000 .034 -1.467 3.805 
·• 
/ 82.800 .036 116.800 .030 -1.526 4.153 
i·),I 
,,-, ' 83.900 .030 135.500 .025 -1.601 4.818 
, ".j· 
'(·· 86.900 .015 166.000 .013 -1.903 5.902 
J 
', l, 89.000 .005 228.000 .oo4 -2.398 8.107 
,, 'I 89.900 .ooo 280.000 .ooo -3.402 9.956 '~ ' 
1.~ ; 
105 
IUN NO, ,o 
1==11.50 d.=5.75 1:,;:,0.588 
pulse Tima=O.l Re=6000 PLASTIC '!UBE 
RUn No. 30 3o/o Sugar Solution April 10,1960 
V= 12,150 V= .43201 Q= 4.496 K= 0.500 
Recorder Ree.ding Concentration Time CN/G. Log cv/o. VT/V 
90.000 .ooo 1,410 .ooo .ooo .050 
80.000 .051 1.510 .138 -.859 .054 
12.000 .875 1.880 2.365 .374 .067 
~: 
50.000 .255 2.260 .690 -.161 .080 
·,, 
52.900 .231 4.710 .624 -,205 .167 
:/ 
,,;, 
53.300 .228 9.430 .615 -,211 .335 
,-t,', 
,:~ 
60.000 .176 16.590 .476 -,323 .590 
1 
62.600 .158 21.050 .426 -.371 .748 
. :i1 ' 
·!(i ,' 
67.100 .128 28.200 ,345 -.463 1.003 
:iii j 
69.200 .u4 32.400 .308 •• 511 1.152 
·1 j ' 75.800 .075 46.200 .202 -,696 
1.643 
:, 
i 79.000 .057 58.800 
.153 -.815 2.091 
•'t i 83.000 .035 
80,400 ,095 .1.022 2.859 




85.800 ,021 113.500 .056 -1.251 4.036 
,, 
.- :, 
89.800 .001 156.000 .003 -2,581 5.547 
90.000 .ooo 188.100 .ooo .ooo 6.688 
,i_-_. 
HJN NO. 31 
. :·}fjl L=ll-50 da5.75 6,.0.588 
.·,l·i 
' -~j{'~i:'f ·_' pulse TimeaO.l Re•4000 PIASTIC '!UBE 
:Jr,. i RWl No. 31 2~ Sugar Solution Viscosityal.692cp. r; sp.or.=l.o684 April 12,1960 
V= 11.510 V= .17509 Q.= 1.742 K= o.466 
ii': . 
I+ Recorder Reading Concentration Time cv/Q Log cv/G. vT/V 90.000 .ooo 3.300 .ooo .ooo .050 
r·c • ,, 50.000 1.687 
~:·~~'.~\, ', .255 3.300 .227 .050 
·,• 
1_:'1 30.000 .477 3.770 3.152 .499 .057 
.fi 
',/:, 60.000 .176 4.720 1.164 .066 .072 
,:,·. 
.,. 74.ooo .085 7.540 .562 -.250 .115 
f! 76.000 .073 30.150 .485 -.314 .459 78.200 .o61 41.400 .403 -.394 .630 79.200 .056 51.000 .367 -.436 .776 
.f· 82.000 .o4o 73.100 .267 
--573 1.112 '.tf . 'i '• 
·ii(: 82.000 .o4o 101.700 .267 -.573 1.547 84.ooo .030 143.000 .198 -.103 2.175 
i 85.700 .021 198.900 .141 -~852 
3.026 
I!~ .. :. j 
_;';.' 87.500 .012 237.000 .081 -1.092 3.605 
';?'··;.; 88.900 .005 265.000 .035 -1.451 4.031 j•: : 
;\' I 
90.000 .ooo 270.000 .ooo .ooo 4.107 





RJN NO. 32 
' '.1 L=ll.50 d;::5.75 Aa0.588 pulse .Time=O.l Re-4000 PLASTIC 'ruBE 
R\lll No. 32 2Cli,i Sugar Solution April 12,1960 
V= 11.510 V• .17509 Q,• 1.465 K111 0.428 
Recorder Reading Concentration Time CV/Q. Log cv/G. vT/v 
/!, 90.000 .ooo 1.880 .ooo .ooo .029 ;:r 
ff,:· 80.000 .051 2.260 .402 -.396 .034 
?;'i,, 
\]:t\ .. 50.000 .255 2.800 2.oo6 .302 .043 




40.000 .352 3.770 2.767 .442 .057 
'•i' 60.000 .176 4.710 1.384 .141 .072 
.\/ii'. 
.{: .. 76.500 .071 8.290 .555 -.256 .126 
·,:~ .. 
'\.-· . 80.000 .051 33.900 .402 -.396 .516 :~ .. , 
:.:1i' ; 
80.300 .050 69.600 .389 -.410 1.059 
·'i& i. 
82.000 .o4o 80.500 .318 -.498 1.225 
-- J'.i"• 
84.800 .026 114.200 .203 -.692 1.737 
86.ooo .020 122.500 .155 -.809 1.864 
::·!t:: 87.000 .015 148.500 .116 -·937 2.259 
. •ii• 
l 87.200 .014 174.900 .108 -.967 
2.661 
88.200 .009 208.000 .o69 -1.161 3.164 
,' 
.• ' 88.500 .007 280.000 .057 -1.241 4.259 
·,~' 
j~. 90.000 .ooo 314.ooo .ooo .ooo 4.777 
i 
l 
HJN NO. 33 
L=ll.50 ch::5.75 A=0,588 
pulse Time=O.l Re=5000 PLASTIC '!UBE 
Rurl NO. 33 20{o sugar Solution April 12., J.960 
V= 11.510 V= .21919 Q= 3.785 K~ 0.261 


















































































































RJN NO, 34 
L=ll.50 cb:5.75 6:;0.588 
Pulse Time=O.l Re=5000 PLASTIC '!UBE 
RUn No. 34 20fo Sugar Solution April 12,1960 
V= 11.510 V= .21919 Q= 2.454 K= 0.387 
Ii' Re,corder Reading Concentration Time CT/Q Log CN/Q VT/V ,'· 90.000 .ooo 1.410 .ooo .ooo .027 
80.000 .051 1.880 .240 -.620 .036 
:!t·: 40.000 .352 2.260 1.652 .218 .o43 
'1 t 
t l-~ 13.900 .811 2.440 3.8o4 .580 .o46 /Ji· .. 
·i' 50.000 .255 3.770 1.197 .078 .072 
. ' ' 
':.,~i'-11 64.800 .143 5.650 .669 -.175 .108 
' ·;lf;:( 69.200 .114 17.300 .535 -.271 .329 
,1-, 71.500 .100 35.400 .469 -.329 .674 ,>J ii i\ 
···~· ·i 77.500 .o65 69.400 .305 -.516 1.322 );~ : j 
;:iii 80.000 .051 81.000 .240 -.620 1.543 ;,~i:( 80.200 .050 101.000 .235 -.629 1.923 
~:.: .: .: "\ J 81.000 .o46 108.100 .215 -.668 2.059 
'.Ji)-:1 84.ooo .030 125.800 .141 -.852 2.396 
,-,~~-···: 86.500 .017 141.500 .081 -1.093 2.695 
. ·iji!':i 88.700 .oo6 189.800 .030 -1.527 3.614 
.',. - .l'i 
' ;,tJ·:'.: ,, 89.800 .001 194.900 .005 -2.339 3.712 
·:·Jr.~ }'.',:(1 89.900 .ooo 250.000 .002 -2.640 4.761 :;>- ! \ 
'1 ,,,,· ··. 
!UN NO. 35 
L=ll.50 c1=5.75 6.=0.588 
Pul.se Time=O.l Re:6000 PLASTIC 'IUBE 
RUn No. 35 2C/fo Sugar Solution April 12, 1960 
V= 11.510 V= .26320 Q= 3.020 K= 0.396 
Recorder Rea.ding Concentration Time cv/Q Log CN/Q ·v·.r 'v J 
90.000 .ooo 1.880 .ooo .ooo .043 
10.000 .954 2.260 3.637 .561 .052 
4.500 1.301 2.260 4.958 .695 .052 
50.000 .255 4.710 .973 -.012 .1.08 
63.000 .155 9.050 .590 -.229 .207 
65.000 .141 14.700 .539 -.269 .336 
68.200 .120 26.350 .459 
--338 .603 
70.700 .105 32.950 .400 -.398 -75? 
73.200 .090 45.600 .342 -.466 1.o1+3 
77.000 .o68 52.700 .258 -.588 1.205 
78.000 .o62 64.600 .237 -.626 1.477 
82.000 .040 78.400 .154 -.812 1. 79.3 
84.ooo .030 1o6.300 .114 -.942 2.431 
86.200 .019 141.800 .071 -1.146 3.243 
87.000 .015 145.000 .056 -1.251 3.316 
87 .900 .010 147.000 .039 -1.408 3.361 
89.900 .ooo 186.100 .002 -2.734 4.256 
111 
......... · 
1=.:11.50 d.=5.75 6:0.588 
Pulse Time=o.l Re::6000 PLASTIC '!UBE 
RUn No. 36 20/o Sugar Solution April 12, 1960 
v~ 11.510 V= .26320 Q= 3.184 K= 0.508 
Hccorder Rea.ding Concentration Time CN/Q Log CN/Q vT/V 
' 
90.000 .ooo 1.410 ~000 .ooo _o.·0:3;? 
30.000 .477 1.880 1.725 .237 04,;z; 0 .• J 
.100 2.954 2.800 10·.679 1.-029 .06!i-
50.000 .255 3.300 .923 -.035 oC'f{5 
55.900 · .207 5.280 .748 -.126 .1:,1 
59.100 .183 6.780 .660 - • .180 1r.:;s .0 .,,, ... 
67.800 .123 23.550 .445 --352 o))) 
74.000 .085 43.250 .307 -.512 .989 
. ~' 77.500 .o65 58.400 .235 -.629 lo335 
I 79.200 .056 75.400 .201 -.697 lo 72!~ 
'. I 
~ 
82.500 .038 85.100 .137 -.865 1o946 
.. 86.800 .016 100.200 .057 -1.245 20291 
87.000 .015- 156.000 .053 -1.274 30567 
89.200 .oo4 171.000 .014 .. 1.852 30910 
89.800 .001 229.800 .oo4 -2.453 50255 




HJN NO. 37 
1::11.50 dr5. 75 1:,,:0.588 
pulse Time=O.l Re=7000 PIASTIC 'lUBE 
RUn No. 37 2'Yt, Sugar Solution April 12, 1960 
V= 11.510 V= •30701 Q= 3.614 K= 0.318 
Recorder Reading Concentration Time CN/Q Log CN/Q. ~1r/v 
.1, 
,,' ' 
90.000 .ooo 1.880 .ooo .ooo .050 
80.000 .051 2.800 .163 -.788 .crr5 
60.000 .176 3.300 .561 -.251 .088 
. },' 
46.000 .291 3.580 .928 -.032 .095 
62.000 .162 11.300 .515 -.288 .501 
63.100 • 154 18.900 .491 -.309 .504 . 
65.800 .136 24.470 .433 -.363 .653 
70.000 .109 32.800 .348 -.459 .875 
73.300 .089 49.000 .284 -.547 1.307 
74.900 .080 52.000 .254 -.595 1.387 
78.200 .061 57.600 .194 -.111 1.536 
78.300 .o6o 74.400 .193 -.715 1.984 
82.000 .o4o 89.600 .129 -.890 2.390 
82.000 .o4o 114.800 .129 -.890 3.o62 
85.000 .025 124.200 .079 -1.102 3.31.3 
87.800 .011 192.000 .034 -1.465 5.121 
88.900 .005 209.500 .017 -1.768 5.588 
89.500 .002 239.000 .008 -2.112 6.375 
90.000 .ooo 269.000 .ooo .ooo 7 .• 175 
' ' l ~' . 
. ' 
: < .. 
; 1"'-, 113 
Rm NO. 38 
1=u.50 &:5.75 At--0.588 
Pulse Time=O.l Re::7000 PIASTIC '!UBE 
RUn No. 38 20';, sugar Solution A;pril 12, 1960 
V= ll.510 V= •30701 Q=· 3.568 K= o.l.i3S 
Recorder Reading concentration Time ·CT/Q Log c:v/o. v<r/V 
90.000 .ooo 1.410 .ooo .ooo .038 
30.000 .477 1.880 1.539 .187 ,050 
14.200 .802 1.880 2.587 .413 .050 
50.000 .255 2.800 .823 -.o84 .075 
56.500 .2CY2 5.280 .652 -·.186 .1
41 
64.200 .147 20.850 .473 -,325 .556 
66.ooo .135 24.470 .434 -.362 .653 
70.800 .1o4 35.400 .336 -.473 .944 
76.000 .073 52.750 .237 -.625 1.407 
78.500 .059 68.500 .192 -.718 1.8
27 
79.000 .057 74.300 .183 .• 738 1.9
82 
80.500 .048 82.400 .156 -.8o6 2.198 
85.200 .024 103.300 .077 -1.115 2.755 
86.500 .017 171.300 .056 -1,255 4.569 
87.900 .010 186.000 .033 -1.481 4.
961 
89.500 ,0(12 222.000 .008 -2.107 5.921 
89.900 .ooo 228.000 .002 -2.8o4 
6.081 





RJN NO. 39 
1=u.50 d::5.75 A=0.588 
Pulse Time::0.5 Re=5000 PLASTIC WBE 
RUn No. 39 10% Sugar Solution April 12, 1960 
... 
. :;~i; i,:" (. V= 11.130 V= .16100. Q= 1.128 K:; 0.379 
I.~ 
itt\J /. 
~tt:' Recorder Rea.ding Concentration Time cv/o Log CV/Q vrr_i/v 
;~~Mi. 90.000 .ooo .470 .ooo 
.ooo • 007 
:·?,":·/· 
88.000 .010 2.260 .096 -1.016 .033 
·'.~:J',, 70.000 .109 2.800 1.077 0032 .cJ+o 
'.<it 
?:·~::;· 30.000 .. 477 3.300 4.706 .673 .o48 
,;-·, 
,if . 21.000 0632 3e770 6.234 .795 .055 
. _;'~-i ;, 60.000 .176 40700 lo737 .240 .068 
i>}:. 70.000 .,109 5.650 1.077 .032 .ce2 
:1r 76.000 • (]"{3 6.030 .724 
-.l~-0 .087 
' 
79.000 .057 7.910 .559 -.253 .111~ 
;''-'' 
·):f 79.000 ~057 22.600 .559 -.253 .327 80.000 .051 36.200 .505 - 0 297 .521+ 
. ;i/~. : 
~;J;j.,: 81.000 ,o46 41.800 .. 451 -.345 .605 
~} ~ .. ,1 
. ii{. 82.000 oo40 680800 .399 -,399 .995 83.000 .035 84 .. 750 .347 -.460 1.226 
. 'l)t 
83.800 .031 108.900 .306 -.515 1.575 
·. \:1~l, , 84.500 .027 111.400 .270 -.568 1.6.11 
,.r,1 
:.:-i?:-~ 86.500 .017 160.000 .170 -.770 2.314 
Jl!:· 87.800 .011 168.000 .1o6 -,974 2.430 
·I~0ft 88.900 .005 184.100 .053 -1.277 2.663 if:,. 
... f(, 
··i,1 89.800 .001 216.000 .010 -2.016 3.124 
-~6~ l 
.-,.·. 
89.900 .ooo 227.000 .005 -2.318 3 .. 284 
}~r:: 
115 
RJN NO, 40 
L=lle50 cbra;.75 A=().588 
pu.lse Time•l.2 Re-5000 PLASTIC ME 
RWl No. 40 1~ Sugar Solution April 12, 1960 
V= ll.130 Va .16100 O.• 1.5:58 Kc o.533 
,j 
Recorder Reading concentration Time CN/Q LOg CN/Q vT/V 
~~i 
',\ 90.000 .ooo 1.410 .ooo .ooo .020 
',(ti,,i ' 85.900 .020 2.260 ,147 -.834 .033 
' ~;~t,1 \/, I 70.000 .109 3.770 .790 -.102 .055 
•-.;;~ [! 31.000 .463 .057 
·•· ii: 
3.950 3.350 .525 
40.000 .352 4.700 2.549 .406 .068 
50.000 .255 5.270 1.847 .267 .076 
60.000 .176 5.650 1.274 .105 .082 
70.000 .109 6.600 .790 -.102 • OCJ5 
,,,Jff', ' 77.200 .o67 10.910 .1'62 -.317 .158 
'. ;~//; 76.500 .071 22.950 .5u -.292 .332 78.000 .o62 37.420 ~450 -.347 .541 
;:...:<ff~,:'; 79.000 .057 53.200 .410 -.387 .770 
-:::·.. -:'f'*!r;1- ~. ; 80.000 .051 73.300 .370 -.432 1.o60 
82.000 .o4o 99.700 .293 -.534 1.442 
83.500 .033 135.000 .236 -.628 1.953 
I 85.000 .025 149.000 .180 -.746 2.155 
,; 
I 
87.600 .012 165.500 .085 -1.0'71 2.394 
I 88.500 .007 295.000 .053 -1.277 4.267 
89.800 .001 314.000 .007 -2.151 4.542 
89.900 .ooo ;42.000 .od4. -2.453 4.947 
RJN NO. 41 
L=ll.50 d.=5.75 D.=0.588 
Pulse Til!M!=0.4 :ae=6ooo PLASTIC '!UBE 
RUn No. 41 1~ Sugar Solution April 12, 1960 
V= ll.130 Va .19310 Q= 4.o66 
Recorder Reading Concentration Time 
90.000 .ooo .470 
80.000 .051 2.260 
30.000 .477 -~ 2.800 
.800 2.051 3.770 
67.800 .123 9.420 
70.000 .109 19.600 
71.700 .099 31.500 
75.000 .CJ79 48.700 
78.200 .o61 74.400 
79.900 .052 89.500 
80.200 .050 1~.500 
81.700 .o42 129.500 
84.ooo .030 156.400 
84.500 ,0'27 196.400 
85.000 .025 238.000 
87.000 .015 291.500 
89.200 .o04 354.000 
90.000 .ooo 441.000 
K= 0,211 






.299 .• 525 






































HJN NO. 42 
L=ll.50 d;:5.75 A,i:0.588 
pUlse Tine=0.4 Re=6000 PLASTIC 'ruBE 
RUn No. 42 101> Sugar Solution April 12, 1960 K= 0.2255 
V= 11.130 V= .19310 Q= 2.889 
11!J 
Recorder Reading Concentration Tim cv/Q Log CN/Q vT/V 
90.000 .ooo .470 .ooo .ooo .oo8 
: ;\Iik 80.000 .051 
1.eeo 0197 .• 705 .033 
600.700 •• 824 2.800 .. ;.176 .ooo .o49 
30.000 .477 3.300 1.838 .264 .057 
,100 2.954 3.300 11.:;82 1.056 .05'"( 
10.000 .954 3,770 3.677 .56, .065 
30.000 .477 ,.940 1.838 .26 .068 
40.000 .352 .700 1,357 ,133 .082 
' '·l'·-·1 ! 
67.200 .127 9.040 ,489 •• 311 .157 
,s~, I, 70.000 .109 23.120 .421 •• 376 .40
1 
<1 I I 
.:\(~i 74,000 .085 41.400 .328 •• 485 .718 
~~~\!,, 
, r•'t 1a 75.500 .076 52,750 .294 ... 532 .915 
lilJ· '. 
' ';;\~) ... 78.000 .062 76.900 .239 -,621 1.334 
:-: -~J};r!1 <:;;~I'. 79.000 .057 102.300 
.218 .. ,661 1,775 
~- '.i-~~~~-~ '.I.• 
.. 'tll\ . 80,000 .051 U4,500 ,197 •• 705 1.987 / :>·,~. (.!.i . 81.200 ,0!+5 121.,00 ,172 ...764 2.104 
82.800 ,o,6 14,,ooo .140 ... 85, 2.516 
83.000 ,035 ai7.ooo .1;56 .. ,868 3,765 
86,500 .017 220.000 ,066 .. 1.178 3,617 
87,100 ,014 235.000 ,055 -1,261 4.077 
89.800 .001 318.000 ,004 .. 2.426 5.517 
118 
1=11.50 &s5.75 A-0.588 
Pulse Time=0,5 Rl-7000 PLASTIC ME 
RW1 No. 43 lD.' Sugar Solution April 12, 1960 K= 0.225 
V= 11.130 V• .22600 Q• 2.893 
Recorder Reading Concentration Time cv/Q Log CN/Q ~,t'f' ,~ J' :·/I• 
90.000 .ooo .470 .ooo .ooo .010 
80,000 ,051 l,880 .197 -.1o6 .,Of\ 
30.000 .477 2,260 1.836 .264 .o46 
.100 2.954 3.300 11.366 1.056 .o6'7 
40.000 .352 3.580 1.355 .132 .crrJ 
60.000 .176 3.770 ,678 -.169 .an 
67,000 ,128 6,600 ,49, -·307 .13l1 
72.000 .097 2.260 .373 -.428 .o46 
74,000 .085 33.150 ,327 -.485 .673 
74,000 ,085 52,700 .327 -.485 1.070 
77,800 ,063 76,250 .243 -,614 1.548 
79.300 ,055 87,400 .212 -.675 1.775 
80,900 ,o46 98.400 ,178 -,749 1.998 
82,000 ,o4o 121.900 ,156 •• 808 2.475 
83,000 .035 147.000 ,135 -,869 2.985 
86.ooo .020 170,500 .crr6 -l,ll9 3,462 
89.200 ,004 190.000 ,O~ .. 1.825 3.858 
\/ ·.i. 
89.800 ,001 238.500 .o -2,426 4,843 
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HJN NO~ 44 
1=u.50 a.a5.75 Aa().588 
Pulse Tima•0.5 Re•7000 PLASTIC '!UBE 
RWl No. 44 1~ Sugar Solution April 12, 1960 
V= ll.130 V• .22600 Q• 3,129 
Recorder Reading Concentration Time 
90.000 ,000 .470 
80,000 .051 1.880 
30.000 .477 2.800 
.100 2.954 3.770 
60.000 .176 3.770 
65.000 .141 5,650 
66.500 .131 20.850 
69.200 .u4 35.400 
72.800 .092 49.000 
74.100 .084 58.700 
77.000 .068 76.250 
80,000 .051 101.500 
82.000 .o4o u6.500 
83.500 .033 131.800 
86.100 .019 150.000 
88.500 .007 181.000 
88.900 .005 224.ooo 
89,200 .004 274.000 
89.700 .001 284.ooo 
89.900 .ooo 291.000 
K= 0.308 
CV/Q LOg cv/Q if!/V 
.ooo ,000 .OJC 
.l.82 •• 740 • Clj:1 
1.697 .230 .057 
10.509 1.022 • 07'j" 
.626 -.203 .on 
.,03 •• 299 .11.5 
• 67 .• 330 .42~5 
.4o6 .• 391 .719 
.328 -.485 .995 
.300 •• 522 1.192 
.241 •• 618 1.548 
.182 •• 740 2.061 
.144 -.842 2.366 
.u6 -,936 2.676 
.068 .1.165 3.011-6 
.026 .1.585 3.675 
.019 -1.720 4.548 
.014 .1.859 5.564 
.005 -2.284 5.767 
.002 -2.763 5.909 
120 
RUN NO, 45· 
1=11.50 a.-5.75 b,.0.588 . 
pulse 'l'imea0.5 Re-900 PLASTIC TUBB 
Run No. 45· 4~ Sugar Solution Sp.Qr,•l.1675 Viscosity-4.85 c,p, K• 1,000 
.April 19, 1960 . 
V= 12.600 V:a .U30l Q= 1.130· 





90.oeo ,000 ,.760 .ooo .ooo .034 
33.!f.oo :~ .710 4.800 
.681 .o42 
32.000 5,~0 5.007 .700 .051 
60.000 ,176 7, 0 1,964 .293 .c68 
70.000 ·,lQCJ 8.280 1.217 .085 .cr,4 
73.900 .086 10.920 ,954 -,020 .()98 
75.900 .074 22.600 .825 ... 083 .203 
76.800 .o69 31.450 .768 -.,115 .282 
79,200 .056 47.200 .619 -,208 .423 
80.000 .051 59.500 .570 -,244 .534 
81.700 .o42 66.700 .469 ... 329 .598 
82.000 .o4o 81.400 .451 --·~6 .730 
83.®() .035 u4.500 ,392 -· .07 1.007 
84.800 .026 166.000 .288 ... 540 1.489 
87.500 .012 208.000 .136 ... 865 1.865 
88.9po .005 275.000 .o6o -1,224 2.466 
89.900 .ooo 3o6.ooo .005, .. 2.265. 2.744 
\• 
121 
RUN NO. 46 
1=11.50 d::5.75 6.=0.588 
pulse Time=0.5 Re=900 PIASTIC '!UBE 
RUn No. 46 4~ Sugar Solution April 19, 1960 K= 1.025 
V= 12.600 V= .11301 Q~ 1.228 
Recorder ~eacling Concentration Time cv/Q Log cv/Q vT/V 
90.000 ,000 3.760 ,000 ,000 .034 
24.900 .5,8 ,.760 5,725 .758 .034 
25.900 .5 1 ,240 5,549 .744 .038 
70.000 ,10<} 7.540 l,120 .049 .068 
73.200 ,O<}O 10,800 .921 .• 036 .097 
74.700 .081 16.200 .830 .• 081 .145 
77.000 .o68 28.600 .695 -.158 .257 
80.qoo 
.~l 50.100 .525 -,280 .449 
80.ruo • 7 72.600 .486 -.313 .651 
82.000 .o4o 82.900 .415 -.382 .744 
83.~o .035 100.010 .361 -.443 .897 84. · o ,030 171.000 .307 .• 512 1.534 
86.t .020 184.800 .203 .• 693 
1.657 
86. .017 198.000 .177 .• 753 1.776 
87.000 .015 241.500 .151 -.821 2.166 
88.000 .010 286.000 .100 .• 999 2.565 
89.000 .005 312.500 .050 -1,302 2.803 
89.900 .ooo 321.000 .005 -2.301 2.879 
122 
I 
' . ! 
RUN NO. 47 
L=ll.50 d.=5.75 A=0.588 
pulse Time•0•5 Re•l500 PLASTIC 'nJBE 
RUn No. 47 4~ sugar Solution April 19, 1960 K= 1.189 
V= 12.600 V= .18851 Q= 2.744 
Recorder Rea.ding· concentration Time cv/Q Log cv/Q vT/V 
90.000 .ooo 1.880 .ooo .ooo .028 
19.000 .675 2.260 3.102 .492 ·t 
I;I! 1
8.000 .699 2.820 3.209 .5o6 • 2 
50.000 .255 4.710 1.172 .o69 .070 
56.000 .206 6.030 .946 -.024 .090 
60.000 .176 8.460 .809 -.092 .127 
63.200 .154 16.200 .705 -.152 .242 
65.700 .137 23.000 .628 -.202 .344 
70.100 .109 32.000 .498 -.302 .479 
74.ooo .085 51.000 .390 -.409 .763 
78.100 .o62 73.000 .283 -.548 1.092 
:.::v:1t! · 
81.900 .o41 1o6.200 .188 --726 1.589 
82,200 .039 131.000 .181 -.743 1.960 
., 
84.ooo .030 150.000 .138 -.861 2.244 
I' 
'i 84.700 .026 180.800 .121 -,917 
2.705 
87.000 .015 214.ooo .068 -1.170 3.202 
89.200 .oo4 277.000 .018 -1.748 4.144 
90.000 .ooo 316.000 .ooo .ooo 4.728 
123 
RUN NO. 48 
1=11.50 -d.=5. 75 A=0.588 
Pulse Time:0.6 Re=l500 PIASTIC TUBE 
RUn No. 48 4~ Sugar Solution April 19, 1960 K= 0.572 
V= 12.600 V= .18851 Q= 2.875 
Recorder ~ng Concentration Time cv/Q Log cv/Q vT/V 
90.000 .ooo 1.880 .ooo .ooo .028 
18.000 .699 3.300 3.~3 .486 .o49 
50.000 .255 4.710 1.ll9 .o49 .070 
62.200 .160 7.900 .703 -.153 .118 
64.9{)0 .142 18.080 .622 -.206 .270 
65.000 .141 25.950 .619 -.208 .388 
72.900 .092 45.200 .401 - 0 397 .676 
74.ooo .. 085 56.800 .373 -.429 e850 
78 .. 200 .o61 77.500 .267 -·573 1.159 
79.200 .056 90.400 .243 -.614 1.352 
82.6t,O .037 118.500 .163 -.787 1.773 
82.900 .036 144.ooo .156 -.806 2.154 
84.500 e027 158.900 .120 -.921 2.377 
84.700 .026 220.000 .116 .• 937 3.291 
87.300 .013 245.000 .058 -1.237 3.665 
89.000 .005 273.500 .021 -1.671 4,092 
90.000 .ooo 336.000 .ooo .ooo 5.027 
i24 
RUN NO. 49 
1=11.50 ~5. 75 A=0.588 
pulse Time=0•5 Re=900PLASTIC '!UBE 
RUI1 No. 49 3C1/o Sugar Solution Sp.Gr.=1.1161 Viscosity=2.62 cp April 20, 1960 
V= 12.020 V= .o6100 Q= .253 K= 1.000 
Recorder Reading Concentration Time rN/Q Log CN/Q 
90.000 .ooo 6.600 .ooo .ooo 
57.8qo .192 7.150 9.126 .960 
56.900 .199 9.420 9.449 .975 
70.000 .109 u.300 5.179 .714 
79.800 .052 15.050 2.479 .394 
82.900 .036 16.910 1.693 .229 
83.000 .035 41.600 1.669 .222 
84.200 .029 60.250 1.373 .138 
84.6cro .027 82.500 1.276 .1o6 
86.500 .017 86.500 .817 -.088 
88.000 .010 116.300 .463 -.334 
89.200 .odi. 171.200 .185 -.734 
89.800 .001 178.800 .o46 -1.334 





















RUN NO. 50 
1=u.50 c1.=5.75 D.:;0,588 
PulseTime=l.6 Re=900 PI.ASTIC '!UBE 
mm No. 50 3a/o Sugar Solution April 20, 1960 
V= 12.020 V= ,06100 · Q= ,975 K= 1.132 
Recorder Reading Concentration Time ~/Q Log cv/Q vT/V 
90.000 aOOO 7,540 .ooo ,000 .038 
50.000 .255 7.540 3.147 .498 .038 
33 .. 500 0429 9.800 50290 .723 .050 
60.000 .176 13.190 2.171 .337 e067 
63. 700 .150 180050 10850 0267 .,092 
72.900 .,092 26.400 1,128 0052 0134 
75e100 ,079 530500 .,969 -.,014 .,272 
78,.000 0062 73.900 0766 -.116 .375 
79.800 .,052 1130000 .,644 -.191 .574 
81.900 .o41 161.500 .505 -.297 .820 
84.800 .026 2o4.500 .319 -.497 1.038 
86.200 .,019 2720000 .231 -.636 1.380 
88.200 ,009 3330000 0108 -.965 10690 
89.200 .oo4 384.ooo .o48 -1.319 1.949 
89.900 .ooo 40711500 .oc6 -2.221 2.o68 
126 
RUN NO. Sl 
L=ll,50 d.=5,75 ,&:0.588 
pulse Time=l,7 Re=l500 PIASTIC 'l\JBE 
Run No, 51 ;a,, supr Solution April 20, 1960 
V= 12,CY,?0 V= ,10181 Q= 1.486 K= 1,000 
Recorder Ree.dtng concentration Time rN/Q tos cv/Q vT/V 
90.000 .ooo 6.o;o ,000 .coo .051 
22.800 ,596 6.600 4,822 .683 .056 
22.800 .596 7.,40 4.822 .68; .o64 
48.000 .27; 9. 20 2,208 .344 .080 
63.000· ,155 11.300 1,253 .098 .096 
74.ooo .085 17.300 .688 -~163 ,147 
73.900 ,086 41.500 .692 .• 160 .:;51 
76.000· .or; 54.200 .594 .• 226 .459 
77 .300 .o66 69.400 .534 -,272 .588 
80.000 .051 81.400 .414 .• 383 .689 
82.ooe· ,040 122.900 .327 -.485 1.o41 
83.900 .030 1'4-9.500 .247 •• 608 1.266 
85.200 .0'24 2dl..500 ,192 -,716 1.732 
86.200 .019 255,000 ,152 -,820 2.160 
87~500 .012 312.000 .099 -1,005 2.643 
88.900 .005 356.000 .dl-3 .1.363 3.015 
89.200 .oo4 437.000 .031 -1,50'2 3.701 
90.000 .coo 465.000 .ooo .coo 3.938 
127 
RUN NO. 52 
1=11.50 d.m5.75 &;0.588 
Pulse Time•l•7 Re-1500 PLASTIC '!UBE 
RUn No. 52 3~ Sugar Solution A,pril 20, 1960 
V= 12.020 V= ,10181 Q= 1.743 K= 0,458 
Recorder Reading concentration Time CN/Q Log CN/Q vT/V 
90.000 .ooo 6.030 .ooo .ooo .051 
36.000 .398 7.540 2.744 .438 .o64 
,34.800 .413 7.900 2.845 .454 .067 
50.000 .255 9.800 1.760 .246 .083 
64.ooo .148 12.050 1.021 .009 .102 
73.000 .091 19,200 .627 •• 203 .163 
72.500 .094 31.150 .648 -,189 .264 
74.ooo .085 60.~oo .586 •• 232 .511 
78.500 .059 75. 00 .409 .• 388 .639 
78.600 .059 118.500 .4o6 -,392 1.oo4 
80.300 .050 151.300 .342 ... 467 1.281 
83.800 .031 174.ooo .214 •• 670 1.474 
84.200 .029 209.500 .199 ... 700 1.774 
84.800 .026 272.000 .178 ... 749 2.304 
87.000 .015 316.000 .102 ... 993 2.676 
87.700 .011 322.000 .078 -1,111 2.727 
88.000 .010 338.000 .o67 -1.172 2.863 
88.800 .oo6 388.000 .di.a -l,395 3.286 
89.000 .005 446.ooo .034 -1,474 3.778 
90.000 .ooo 485.000 .ooo .ooo 4.1o8 
128 
RUN NO. SJ 
1=11•50 d.::5.75 A=0,588 
Pulse Time=l,6 Re=2000 PLASTIC 'lUBE 
Run No,53 3afo Sugar Solution April 20, 1960 
V= 12,020 V= ,13580 Q= 2.531 K= o. S72 
Recorder Ree.ding Concentration Time CT/Q Log CT/Q vT/V 
90.000 oOOO 40710 .ooo ,000 ,053 
19.000 ,675 4.710 3.208 .5o6 .053 
19.000 .675 50650 3.208 .5o6 .o64 
40.000 0352 7.540 10672 .223 .085 
59.100 .183 11.300 .867 -,o62 .128 
64.ooo .148 23.550 .,703 -,153 .266 
69.000 .115 33.200 .548 -.,261 ,375 
69.500 oll2 44.800 
·~3 -0273 0506 
72.600 9093 660300 0 3 -,354 .749 
73.900 .086 80.500 .406 -,391 ,909 
78.700 .058 101.200 .277 -,558 1.143 
78.900 .057 136.300 0271 -.566 1.540 
82.000 .o4o 143.000 0192 -0717 1 .. 616 
82.200 0039 174.ooo .187 .• 728 1.966 
84.900 .025 217.000 .120 -,920 2.452 
86.900 ,015 235.000 .072 -1.141 2.655 
87.400 .013 307.800 .061 -1,218 3.478 
89.000 .005 315,000 .023 -1.636 3.559 
90.000 .ooo 326.000 .ooo .ooo 3.683 
129 
.j 
RUN NO. 54 
L=ll.50 d::5.75 6;:0.588 
Pulse T1me=l•7 Re-2000 PLASTIC '!UBE 
RUn No, 54 ?,<Ji,, Sugar Solution April 20 1960 
V= 12,020 V= .l?,580 Q= 2.861 K= 0.505 
Recorder Rea.ding Concentration Time r:v/Q Log cv/Q vT/V 
90.000 .ooo 4.900 .ooo .ooo .055 
20.000 .653 5.100 2.744 .438 .058 
19.300 .669 6.030 2,809 .449 .068 
40.000 .352 7.540 1.479 .170 .085 
60.000 .176 9.o4o .740 -.131 .102 
61.200 .168 19.200 .7o4 -,153 .217 
65.100 .141 34.200 .591 -,229 .386 
70.000 .109 45.600 .458 -.339 .515 
71.900 .098 66.300 .410 -.388 .749 
72.300 0095 77.400 .400 -.398 .874 
77.000 .o68 92.400 .285 -.546 1.o44 
77.100 ,(fj7 110.200 .282 -,549 1.245 
78.900 .057 162.-800 .240 -.620 1.839 
83.000 .035 175.000 .148 -.831 1.977 
83.800 .031 196.000 .130 -.885 2.214 
84.800 .026 258.200 .10) -.964 2.917 
84.900 .025 301.500 .1o6 -,973 3.4o6 
88.200 .009 3o6.ooo .037 -1.433 3.457 
89.000 .005 398.000 .020 -1.690 4.497 
90.000 .ooo 4o6.ooo .ooo .ooo 4.587 
130 
RUN NO. 55 
1;:11.50 d::5.75· A=0.588 
pulse Time=0.8 Re=900 PLASTIC '!UBE 
RUn No. 55 2CY{o Suaa,r Solution Sp.or.= 1.o698 Viscosity=l.68 cp April 21, 1960 
V= 11.500 V= .03920 Q= .1t34 K= 1.1 
Recorder Reading Concentmtion T±me c:v/Q Log CV/Q vT/V 
90.000 .ooo 10.74,o .ooo .ooo .037 
80,000 ,051 11.300 3.202 .505 .039 
69.000 ,115 13.190 7,223 .859 .045 
69.000 ,115 15.050 7,223 .859 .051 
75.500 .076 18.600 4.776 .679 .064 
80.500 .o48 22.200 3.032 .482 .076 
85.000 ,0'25 28.200 1.554 .191 .096 
85.800 ,0'21 62.200 1.300 .114 .212 
86.000 .020 81.100 1.236 .092 .276 
86.900 .015 99.000 .953 -,021 .337 
87.000 .015 157.000 .922 -.035 .535 
87.900 .010 162.000 .642 -,193 0552 
88.300 ,008 214.000 .519 -.285 ,729 
88.800 .oo6 269.000 .366 -.437 .917 
89.000 .005 ;01.050 .305 -.516 1.026 
90,000 .ooo 335.000 ,000 .ooo 1.142 
131 
RUN NO. 56 
L=ll.50 d-5.75 A,.0.588 
Pulse Time-0.8 Re=900 PLASTIC '!UBE 
RUn No. 56 2CJ/, Sugar Solution Apl'il 21, 1960 
V= 11.500 V= .03920 Q= .228 K= 1.,55 
Recorder Reading Concentration Time cv/Q Log cv/Q ,;r/v ·, 
90.000 .ooo 10.350 .ooo .ooo 0035 
80,000 .051 10.350 2.578 .411 .0;35 
70.000 .109 12.050 5.500 .740 .041 
62.200 .160 13.570 8,085 .908 .o46 
70.000 ,109 16.940 5,500 .740 .058 
80.000 .051 21.t,50 2.578 .411 .(f(2 
82.700 .037 27.100 1.851 .268 .092 
85.600 .022 30.110 1.0~)7 .o4o .10:5 
86.ooo .020 93."10 .995 -.002 .31) 
86.200 .019 115.100 .944 -.025 .392 
87.000 .015 178.500 .742 -.130 .6o8 
87.800 .011 222.000 .542 -.266 .757 
88.500 .007 288.000 .368 -.434 .982 
88.800 .oo6 311.000 .294 .• 531 1.o60 
89,200 .o~ 362.000 .196 •• 708 1.234 
90,000 .ooo 370.000 .ooo .ooo 1.261 
\ 
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RUN NO. 57 
1=u.50 c1;:5.75 6=0.;88 
P\llse T1me=l•5 Re=l500 PLASTIC '!UBE" 
mm No. 57 2c:; Sugar Solution April. 21, 1960 
V= U.500 VF .o6540 Q= · 1.615 K= 0.587 
Recorder Reading Concentration 1?i'me CN/Q Ipg c:,r/Q VT/V 
90.000 .ooo 7.540 .ooo .ooo .o43 
30.000 .471 ·8.470 3.398 .531 .o48 
28.000 .507 9.420 3.612 .558 .054 
50.000 .255 u.46o 1.818 .260 .o65 
70.000 .109 15.050 .777 -.10<) .086 
70.800 .1o4 21.Q50 .74~ -.129 .120 
73.000 .• 091 54.250 .648 -.189 .309 
74.ooo .085 76.250 .6o6 .• 218 .434 
76.300 .072 107.200 .511 -.292 .610 
79.000 .057 135.500 · .403 .• 394 .771 
80~000 .051 ·184.500 .364 ... 438 1.o49 
82.000 .o4o 229.500 .288 .• 541 1.305 
82.500 .03$ 285.000 .269 .• 570 1.621 
84.800 .• 026 _375.000 .184 .• 735 2.133 
87.000 .015 430.000 .105 .• 979 2.445 
88.500 .007 531.000 .052 .1.284 3.020 
.89.000 .005 565.000 .035 -1.460 3.213 









RUN NO. 58 
L=ll.50 d.=5.75 6=0,588 
Pulse Time=l.7 Re=l500 PLASTIC '!UBE 
RUn No. 58 2CY{o sugar Solution April 21, 1960 
V= 11,500 V= ,o6540 Q= 1.317 
Recorder Reading Concentration Time 
90.000 .ooo 7.540 
30.000 .477 8.470 
28.500 .499 9.420 
50.000 .255 12.eeo 
72.000 .097 18.QCJO 
72.000 ,C/97 24.100 
75.100 .079 63.300 
78.400 .060 78.400 
79.500 .054 141.000 
83.000 .035 211.000 
84.900 .025 318.000 
87.000 .015 356.000 
88.000 .010 429.000 
88.800 .006 462.500 
89.900 .ooo 574.000 
K= 0.705 
cv/Q Log cv/Q vT/V 
.ooo .ooo .o43 
4.168 .620 .o48 
4.362 .640 .054 
2.230 .348 ,073 
.847 -.072 .103 
.847 -.072 .137 
.687 -.163 .360 
.524 -,281 .446 
.471 -.327 .802 
.307 -.513 1.200 
.221 -.655 1.8'08 
.129 -.891 2.025 
.085 -1.o69 2.440 
.051 -1.292 2.630 
.oo4 -2.371 3.264 
RUN NO. 59 
L=ll.50 d.=5.75 .6.=0.588 
Pulse Time=l,6 Re=2000 PLA$TIC 'RT.BE 
RUn No. 59 2Cfip Sugar Solution April 21, 1960 
V= 11.500 V= .08720 Q= 2.186 K= 0.357 
Recorder Reading Concentration Tims CT/Q Log CT/Q vT/V 
90.000 .ooo 5.650 .ooo .ooo .o43 
21.800 .616 7.530 3.239 .510 .057 
50.000 .255 9.420 1.343 .128 .071 
61.600 .165 13.560 .866 -.062 .103 
69.000 .u5 26.000 .607 -.217 .197 
70.000 .109 49.800 .574 -.241 .378 
72.000 .097 81.000 .510 -.293 .614 
73.800 .086 102.300 .453 -.344 ~. 776 
75.100 .079 128.000 .413 -.384 .971 
78.800 .058 182.600 .3o4 -.518 1.385 
82.700 .037 225.000 .193 .• 714 1.706 
84.200 .029 303.000 .152 -.818 2.298 
86.800 .016 333.000 .083 -1.082 2.525 
87.700 .011 388.000 .059 -1.228 2.942 
88.500 .007 477.000 .038 -1.415 3.617 
89.000 .005 565.000 .026 -1.592 4.284 
89.900 .ooo 587.500 .003 -2.591 4.455 
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RUN NO. 60 
1=11.50 d.=5.75 6:0.588 
Pulse Time=l.6 Re=2000 PLASTIC '!UBE 
Run No. 60 20{o Sugar Solution April 21, 1960 
V= u.500 V= ,08720 Q= 2.236 K= 0.4925 
Recorder Rea.ding Concentration TinE CN/Q Log CN/Q vT/V 
90.000 .ooo 5,650 .ooo .ooo oo43 
22.900 .594 5.650 3.057 .485 0043 
22.700 .598 7.530 3.C176 .488 0057 
40.000 .352 9.420 1.811 .258 .071 
60.000 .176 11.030 .9o6 .• o43 0084 
65.500 .138 18.050 .710 .• 149 .137 
69.000 .115 42.200 .593 -,227 0320 
69.200 .114 57.700 ,587 -,231 0438 
73.900 .086 82.900 .440 .• 356 0629 
74.ooo .085 93.400 .437 · -,359 0708 
76.500 ,CT(l 121.800 .363 -,440 .924 
79.000 .057 147.000 .291 .• 536 1.115 
79.500 .054 187.000 ,277 .• 557 1.418 
82.300 .039 267.500 .200 .• 700 2 .. 028 
84.900 .025 299.000 .130 -,885 2.267 
86.500 .017 345.000 .089 -1.053 2.616 
87.500 .012 398.000 .c63 -1,201 30018 
88.000 .010 501.000 .050 -1.299 3°799 
89.900 .ooo 542.000 .003 -2.602 4.110 
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RUN NO. 61 
L=ll.50 d;::5.75 A=0.588 
pulse Time=0.4 Re=900 PLASTIC 'nJBE 
RUn No, 61 l~ Sugar Solution Sp, Gr. =l,0325 Viscosity =l.27 cp 
April 22, 1960 . 
V= ll.150 V= ,0'2960 Q= .115 K= 2.53 
Recorder Reading Concentration Time cv/Q LOg CV/Q 'VT/V 
90.000 .ooo 13.190 .ooo .ooo .0;5 
79.000 .057 1~.550 5.501 .740 .036 
70.000 .109 l .110 10.603 1.025 .037 
70.000 .109 16.950 10.603 1.0'25 .045 
75.500 .076 20.350 7.413 .870 .054 
ao.ooo · .051 22.600 4.970 .696 .o6o 
82.300 .039 24.8'00 3.774 .577 .o66 
83.000 .035 26.750 3.417 .534 .071 
84.400 ,0'28 29.900 2,7ll .433 .079 
85.200 .024 43:rr,o 2.312 .364 .u6 
85.300 .023 55.500 2.263 .355 .147 
86.ooo .020 63.300 1.918 .283 .168 
86.500 .017 89.000 1.674 .224 .236 
87.000 .015 128.000 1.430 .155 .340 
87.300 .013 137.500 1.285 .109 .365 
88.000 .010 166.000 .949 -.023 .l.iln 
89.200 .oo4 222.000 .378 -,423 .589 
89.900 .ooo 248.000 .047 -1.324 .658 
. l 
RUN NO. 62 
1=11.50 d::5.75 t,;:0.588 
Pulse Time=l•7 Re=900 PLASTIC '!UBE 
RUn No. 62 1~ Sugar Solution April 22, 1960 
V= 11.150 V= .02960 Q= .• 190 K= 2.67 
Recorder Reading Concentration. Time <N/Q r.og cv/Q 'tl'/V 
90.000 .ooo 7.540 .ooo .ooo .020 
85.000 .025 13.920 1.455 .163 .037 
70.000 .109 15.050 6.397 .8o6 .o4o 
65.000 .141 16.590 8.284 .918 .o44 
64.500 .145 18.&10 8.480. .928 .050 
71.aoo .098 21.050 5.751 .760 .056 
78.900 .057 25.400 3.351 · .525 .cfJ7 
82.900 .036 30.110 2.092 .• 321 .080 
84.400 .028 39.600 1.636 .214 .105 
85.000 .025 45.200 1.455 .163 .120 
85.800 .021. 49.3po 1.217· .085 .131 
85.800 .021 uo.aoo 1.217 .085 .292 
86.500 .017 136.500 1.010 .oo4 .362 
87.000 •. 015 169.500 .863 -.o64 .450 
87.300 .013 190.500 .775 -.lll .506 
87.800 .011 314.500 .630 -.200 .835 
89.000 .005 347.000 .285 -.545 ,921 
89.200 ,oo4 360.000 .228 -.642 .956 
89.900 .ooo 372.000 .029 -1.543 .988 
\,.,_"' 
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RUN NO. 63 
L=lle50 <1=5.75 b=0.588 
Pulse Timeal.8 Re=l500 PLASTIC '!UBE 
Rlln No. 63 1~ Sugar Solution April 22, 1960 
V= U.150 Va .o4939 Qa .·880 Ka 1.00 
Recorder Reading Concentration T:lme CN/Q LoS CV/Q vT/V 
90.000 .ooo 8.460 .coo .ooo .037 
40.000 .352 9,410 4.463 .650 .o4.2 
26.900 ,525 10.,,0 6.646 .823 .o1.,.6 
26.900 .525 u.6fo 6.646 .823 .052 
40.000 .352 .13.190 4.463 .650 .05B 
60.000 .176 15.ceo 2.231 .349 .o67 
70.000 ,109 16.940 1.383 .141 .075 
72.800 .092 24.1W 1.167 .067 .107 
77.000 .068 27.100 .859 -.o66 .120 
78.000 .o62 75.300 ,788 -.lo4 .334 
80.000 .051 ua.200 .648 -.188 .524 
82.000 .o4o 148.80'0 .,12 -.290 .659 
82.600 .037 173.000 • 72 -.326 .766 
83.500 .033 2u.ooo .413 -.384 ·935. 
85.000 .0'25 276.000 .315 -.502 1.223 
86~000 .0'20 296.000 .250 ~ - .60'2 1.311 
87.000 .015 376.500 .187 -.729 1.668 
87.900 .010 426.000 .~o -.886 1.887 
89.200 .oo4 506.000 • 9 -1.307 2.241 








RUN NO. 64 
1=11.50 d.=5.75 ~0.588 
Pulse Time=l.8 Re=l500 PIASTIC ~ 
RUn No. 64 1~ Sugar Solution April 22, 1960 
V= 11.150 V= .()49,9 Q= .a,a 
Recorder Reading Concentration Time 
90.000 .ooo a.46o 
45.000 .301 9~410 
36.800 .388 11.;oo 
50.000 .255 13.190 
64.500 .145 15.050 
74.ooo .085 20,850 
78.500 .059 28.200 
79.500 .054 72.400 
80.000 .051 134.800 
83.200 .034 160.500 
84.ooo .030 222.000 
86.200 .019 :;;4.000 
87.000 .015 437.000 
88.000 .010 441.000 
89.200 .oo4 508.000 
89.900 .ooo 603.000 
K= 0.578 
~/Q Log CV/Q vT/V 
.ooo .ooo .03'{ 
4.003 .602 .01~.2 
5.165 .713 .050 
3.395 .531 .058 
1.924 .284 .067 
1.131 .-053 .092 
.79q .• 103 .125 
.717 .• 145 .321 
.680 -.167 .597 
.454 .• 343 .711 
.399 -.400 .98:, 
.249 .• 603 l.4fiC 
.196 .• 708 1.936 
.130 .• 887 1.954 . 
.052 -1.286 2.250 
.oo6 .2.188 2.671 
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RUN NO. 65 
L=ll.50 dr:5•75 /l=0.588 
FUlse TiJDe;=l.8 Re=2000 PLASTIC '!UBE 
RUnNo. 65 1~ Sugar Solution April 22, 1960 
V= ll.150 V= .o6570 Q= 1.599 K= 0.534 
Recorder Rea.ding concentration Time. cv/Q Log C'v/Q 'lJTf"; T • I 1 
90.000 .ooo 7.540 .ooo .ooo .oJ.µ~ 
2;.800 .578 7.910 4.027 .605 0 r,.i.7 
2; .• 800 .. .5.78 9.800 4.027 .605 .058 
40.000 .;52 u.;oo 2.455 .390 ofr . ·~ { 
60.000 .176 1;.190 1.228 .089 .crrn 
67.500 .125 19.760 .871 .• o6o .J.l'( 
72.000 .097 27.100 .676 .• 170 .160 
73.;oo .089 45.200 .621 .• 207 .266 
73.400 .089 '74.400 .617 .• 210 •. 438 
. 76.900 .068 95.5QO .476 .• 322 . .563 
78.000 • o62 140.500 .433 .• 363 .828 
78.200 .o61 178.500 .426 .• 371 1.052 
81.800 .042 181.200 .289 •• 539 1.o68 
83.800 .0;1 301.500 .216 .• 665 1.777 
83.800 .031 321.000 .216 .• 665 1.892 
85.000 .025 332.000 .173 .• 762 1.956 
86.ooo .020 360.000 .1;8 .• 861 2.121 
87.100 .014 412.000 .099 ~1.003 2.428 
88.000 .010 565.000 .o68 -1.167 3.329 
89.000 .005 571.000 .0;4 -1.470 3.365 
90.000 .ooo 633.000 .ooo .ooo 5.730 
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RUN NO. 66 
L=U.50 d.=5.75 6:0.588 
PuJ.se Time=l•7 Re=2000 PIASTIC '!UBE 
Rlm No. 66 lofo Sugar Solution A.Pr11 22, 1960 
V= 11.150 V= .o6570 Q= 1.5~ K= 0.448 
Recorder Reading Concentration Time CV/Q Log cv/Q vr/v 
90.000 .ooo 6.o,o .ooo .ooo .036 
26.000 .539 6.o,o 3.797 .579 .036 
24.700 .562 9.050 3.954 .597 .053 
31.900 .450 13.000 3.172 .501 .077 
71.400 .101 18.QC)O .708 -.150 .107 
72.200 .096 33.900 .674 -.171 .200 
73.900 .086 60.250 .603 -.220 .355 
75.300 .a77 82.900 .545 -.263 .. 489 
77.000 .068 105.500 .477 -.321 .622 
78.800 .058 129.700 .406 -·391 .764 
80.200 .050 184.ooo .353 -.453 1.084 
82.500 .038 196.500 .266 -·575 1.158 
84.ooo .030 290.000 .211 -.676 1.709 
84.200 .029 354.ooo .2o4 -.691 2.086 
87.200 .014 362.000 .097 -1.015 2.133 
88.000 .010 454.ooo .o69 -1.163 2.675 
89.000 .005 490.000 .034 -1.465 2.887 
90.000 .ooo 512.000 .ooo .ooo 3.017 
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RUN NO. 67 
L=28.75 d.=5.75 ~0.588 
P'ulse Time=l.l Re=lOOO PLASTIC '!UBE 
Run No. 67 4~ Sugar Solution Viscosity =4.6cp Sp.Gr. :1.163 April 27, 1960 
V=·31.400 V= ell90] Q= 2.208 K= 1. 25, 
Recorder Reading Concentration Time rN/Q Log cv/Q -vT/V 
90.000 .ooo 37.650 .ooo .0()() .143 
., 




80.000 .051 48.200 .728 -.1;8 .183 
I 
!:·. 




75.200 .078 92.400 1.110 .o45 .350 
·{ 
1>: 76.900 .o68 132.500 
.972 -.012 .503 
\:: 
i 
78.500 .059 175.200 .845 -·r!73 
.664 
80.800 .o47 230.000 .666 -.176 .872 
83.000 .035 268.000 .500 --301 1.0
16 
83.300 .034 312.000 .478 -·321 
1.183 
85.000 .025 ,51.000 .353 --452 1.331 
87 .ooo .015 26.ooo .209 -.679 1.616 
88.500 .oar 477.000 .1o4 --983 1.809 
90.000 .ooo 505.000 .ooo .ooo 1.915 
RUN NO. 68 
L=28.75 c1a5.75 l).m0.588 
Pulse Time:;:1.7 Re=l.000 PLASTIC '!UBE 
Run No. 68 4~ Sugar Solution April 27, 1960 
V= 31.400 V= ell909 Q• 2.245 K= 1.23 
Recorder Reading Concentration Time CN/Q ·r.og UV/Q v~, ,,.,. l:t (( 
90.000 .ooo 49.000 .ooo ·~O · .186 
84.ooo .'030 65.500 .• 419 ... 778 .24,8 
80.000 .051 73.800 .715 •• pi.5 .280 
76."800 .o69 85.100 .963 -.016 .32; 
\'";., 76.800 .o69 162.500· .963 -.016 .616 
;' 
:~i' ,,, 78.oqo .062 174.800 .869 ... 061 .66:s 
·;r:·:. 79.300 .055 .205.ooq .769 -.114 '' '[~ 
i;J . 
• I I ~ 
81.000 .·o46 244.500 .640 ... 194 9'~,7 • C. 
\~( 83.000 • 0'.55 320.000 .492 -.;08 1..21i.t 
~j}\. 84.ooo .o,o 375.000 .419 ... 378 1.422 
t/ j 85·.000 .025 407.000 .347 -.459 1.5li4 
;t_:, 1 
:/··, 87.500 .012 467.000 .171 ... 767 1.771 88.200 .009 525.000 .123 ... 910 1.991 
89.500 .00'2 566.000 .034 -1.470 2.147 




RUN NO, 69 
I 
L=28. 75 d=5. 75 6=0. 588 
PUlse T~=l.8 Re=l500 PLASTIC '1\JBE 
RUn No. 69 4~ sugar Solution April 27, 1960 
V= 31.400 V= el7900 Q= 5.725 K= 0.92 
Recorder Reading concentration Time ~/Q Log ~/Q irT·:',r 
90.000 .ooo 33.150 .ooo .ooo .1H9 
80,000 .051 34,800 .281 -·552 .198 
70.000 ,l()tJ 37.700 ,·599 -,223 .215 
64.900 .• 142 42.200 .779 -.10) .2h1 
68.200 .120 55.000 .661 -.180 .314-
64.100 .147 ~6.250 .808 -.QtJ2 ,3"78 
64.100 .147 120.500 .808 -,092 .687 
69.000 .115 164.ooo .633 -.199 .935 
73.200 .090 210.500 .492 -,308 1..200 
74,800 .080 237.000 .441 -~356 1.351 
78.200 .o61 254.200 .335 -.475 1,449 
80.000 .051 289.000 .281 -,552 1.647 
83.100 .035 :320.000 .190 -,721 1.824 
85.000 .025 382.000 .136 -,866 2.178 
88.500 .007 427.000 .o4o -1,397 2.434 





:·· . .,.· .,··< ,._ \~,:':.: ·.!/'~ ,;;,_;.4-···k.J~.:. -.... -.- ··. 
RUN NO. 70 
I 
L=28.75 d.=5.75 A=0.588 
Pulse Time=0.5 Re=l500 PLASTIC '!UBE 
Run No. 70 4~ Sugar Solution April 27, 1960 
V= 31.400 V= el7900 Q= 1.752 K= 1.445 
Recorder Reading Concentration Time crv/Q Log crv/Q vT/V 
90.000 .ooo 24.850 .ooo .ooo .1.~.2 
81.200 .o45 25.500 .801 -.096 .l'-1·5 
/ 77.000 .o68 36.200 1.215 .o84 .206 
J.; t<· 77.500 .o65 49.000 1.164 .o66 .279 
•l,. 
{'-· 78.200 .o61 67.750 1.094 .039 .386 
... 
~-', ;:·. : 79.800 .052 90.500 .937 -.028 .516 
Ji·./ 
•{.;1l'..·' 81.300 .o44 128.000 .792 -.102 .730 
l: .~ . ' 
f/. 84.ooo .030 158.000 .537 -.270 .901 
,-;f.:_ : 85.000 .025 203.500 .445 --352 1.160 
86.500 .017 226.000 .309 -.510 1.288 
87.000 .015 241.000 .264 --578 1.374 
88.500 .007 311.500 .131 -.883 1.776 
89.200 .o04 337.500 .070 -1.156 1.924 
90.000 .ooo 369.000 .ooo .ooo 2.1o4 
' 
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RUN NO. 71 
1=28.75 c1.=5.75 b;:0.588 
Pulse Time =1.8 Re=2000 PLASTIC 'lUBE 
RUn No. 71 4~ Sugar Solution April 27 1960 
V= 31.400 V= .23900 Q= 9.325 K= O. 765 
Recorder Reading Concentration Time av/Q Log CV/(;, vr/v 
90.000 .ooo 22.600 .ooo .ooo .172 
80.000 .051 23.350 .172 -.764 .178 
70.000 .l()CJ 26.400 .;68 -.435 .201 
60.000 .176 31.200 .593 -.227 .237 
54.000 .222 50.500 .747 -.127 .384 
55.100 .213 90.400 .718 -.144 .688 
58.000 .191 113.000 .643 -.192 e86o 
64.ooo .148 145.000 .499 -.302 1.1ol+ 
67.100 .128 169.100 .429 -.367 1.287 
73.100 .QC)O 191.000 .3o4 -.517 1.454 
77.000 .o68 237.000 .228 -.642 1.804 
80.000 .051 276.000 .172 -.764 2.101 
83.800 .031 313.500 .lo4 -.981 2.386 
85.300 .023 350.000 .078 -1.105 2.664 
87.000 .015 398.000 .050 -1.305 3.0'29 
88.900 .005 431.000 .018 -1.744 3.281 
90.000 .ooo 484.ooo .ooo .ooo 3.684 
147 
RUN NO. 72 
1=28.75 c1.=5.75 A:0.588 
Pulse Time=0.4 Re=2000 PLASTIC 'l'UBE 
Run No. 72 4~ Sugar Solution· April 27, 1960 
V= 31.400 V= •23900 Q= 2.426 K= 0.812 
Recorder Reading Concentration Time cv/Q Log cv/Q vT/V , 
90.000 .ooo 22.600 .ooo .ooo .172 
81.500 
-~3 30.100 .558 -.254 .229 
78.000 .062 43.700 .8~ •• 095 .333 
76.500 .071 66.400 .913 -.039 .505 
77.100 .o67 86.500 .870 -.061 0658 
79.100 .056 u7.500 .726 -.139 .894 
81.000 .~6 135.500 0592 -.228 l.0031 
82.500 .038 156.500 .489 -.311 1.191 
84.ooo .030 183.800 .388 -.411 1.399 
85.500 .022 226.000 .288 -.540 1.720 
88.700 .oo6 261.500 .082 -1.087 1.990 
89.500 .002 294.000 .031 -1.503 2.238 
90.000 .ooo 3o4.ooo .ooo .ooo 2.314 
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RUN NO. 73 
1=28.75 d=:5.75 1;0.588 
Pulse Time=l•3 Rea900 PLASTIC '!'UBE 
Run No. 73 3CY/o sugar Solution Viscosity =2.475 cp. Sp.Gr. =1.1018 April 28, 1960 
V= 29.750 V= .05750 Q= .607 K= 7.0 
Record.er Ree.ding Concentration Time rN/Q Log GV/Q vT/V 
90.000 .ooo 33.900 .ooo .ooo .o66 
86.000 .020 330900 .967 - .. 014 .066 
85.000 • 025 6;.300 1.216 .085 .122 . 
84.000 .030 73.800 1 .. 468 .167 .143 
82.500 .o:;e 77.500 1.852 .268 .150 
82.200 .039 258.000 lo930 .285 0499 ! 
83.500 .0;3 260.000 1.595 .203 .502 
85.600 .022 307.500 1.o67 .028 ~59~-
87.800 .uu 367.000 .527 -.278 .709 
89.200 .oo4 :;eo.ooo .191 --720 • 7:;4 
90.000 ,000 437.000 .ooo .ooo .845 
RUN NO. 74 
1=28.75 d:=5. 75 A=0.588 
Pulse Time=l.3 Re=900 PLASTIC WBE 
RUn No. 74 3CJI; Sugar Solution April 28, 1960 
V= 29.750 V= •05750 Q= .;43 K=?.O 
Recorder Reading Concentration Time cv/Q tog cv/Q vr/v I 
90.000 .ooo 60.250 .ooo .ooo .116 
87.800 .011 64.ooo .933 -.030 .124 
86.100 .019 67.700 1.670 .223 .131 
85.800 .021 76.200 1.802 .256 .1.47 
85.500 .022 85.000 1.933 .286 
.161~ 
83.000 .035 93.500 3.052 .485 .181 
81.500 .043 10,.000 3.739 .573 .2<Y( 
83.000 .035 175.000 3.052 .485 .3j8 
84.800 .026 197.300 2.243 .351 .381 
86.200 .019 226.000 1.626 .211 .b37 
'88.500 .oar 277.000 .634 -.198 .535 
89.900 .ooo 307.500 .o42 -1.373 .594 
150 
HJN NO. 75 
1=28.75 d.=5.75 6;=.0.588 
Pulse Time=l.3 Re=l500 PLASTIC '!UBE 
Run No. 75 3o/., Sugar Solution April 28, 1960 
V= 29.750 V= •OCJ590 Q= 1.214 K= 1.361 
Recorder Reading Concentration Time rN/Q Log Cv/Q vT/V 
90.000 .ooo 45.200 .ooo .ooo .146 
86.500 .017 57.200 .422 --374 .184 
85.000 .025 75.400 .609 -.216 .243 
82.800 .036 92.500 .888 -.052 .298 
82.500 .038 190.000 .927 -.033 .612 
83.000 .035 243.000 .862 -.o64 .783 
83.900 .030 292.000 .747 -.126 .941 
84.500 .027 363.000 .671 -.173 1.170 
85.000 .025 405.000 .609 -.216 1.306 
85.800 .021 422.000 .509 -.293 1.360 
87.900 .010 467.000 .251 -.600 1.505 
89.500 .002 534.000 .059 -1.226 1.721 
90.000 .ooo 565.000 .ooo .ooo 1.821 
RJN. NO. 76 
t=28.75 d.=5.75 A:0.588 
PU.l.se Time=l.3 ~=1500 PLASTIC iu.BE. 
Run No. 76 3~- Sugar Solution April 28, 1960 
V= 29.750· V= .09590 Q= .833 K= 6.88 
Recorder Reading Concentration T:f,me cv/Q I,o·t rw· .',~ €.:, \!'•/) ,.., v<rlY I 
90.000 .• ooo 52.700 .ooo &(:,:){\ .]."{l~J 
87.200 .014 61.100 .490 ,aa~ ·:/)') .197 
86.ooo .020 77.250 .705 -· ct~t:::r: 24::' . :)' 
84.ooo .030 86.500 1.070 CD.:.r,~:;j z--'·-0 •• ('j 
82.200 .039 92.400 1.406 ··, J, ,'.., .296 •• J-., rt_) 
82.500 .038 190.000 
~-
1.350 "''"' ', .til.2 e 1. :)!.' 
83.qoo .035 241.000 1.256 ·o !'!;..~~_;) .77"7 
84.ooo .030 262.000 1.070 .029 .8'-t5 
86.800 .016 312.000 .562 u,.250 1.006 
88.900 .005 344.ooo .191 -.718 1.109 
89.900 .ooo 394.ooo .017 -1..759 •1.270 
152: 




1=28.75 d::5.75 6:0.588 
PUlse Time=l.3 Re=2000 PLASTIC TUBE 
RUn No. 77 3CJ/o Sugar Solution April 28, 1960 
V= 29.750 V= .12801 Q= 1.991 K= 1.469 
Recorder Ree.ding Concentration Time <:N/Q Log CN/Q vT/V 
900000 .ooo 36.200 .ooo .ooo .. 156 
85 .. 000 .025 42.200 .371 -.~-31 ol82 
81.300 .o44 52.600 .660 -.181 .226 
77.000 .o68 70.,000 1.013 .005 .. 301 
76.700 .o69 100.200 1oo38 .016 0431 
76.500 .071 136.300 1.055 .023 .586 
78.000 .o62 162.800 .929 - .. 032 0700 
79.000 .057 · · 1s1.ooo .846 =0072 .779 
80.000 .051 208.500 .765 -.117 .897 
81.500 .. o43 228.000 .644 --191 .981 
83.700 .032 259.000 .471 -,327 1.114 
84.ooo .. 030 293.000 .448 -.349 1.261 
86.800 .016 328.000 .235 -.629 1 .. 411 
87.500 .012 396.000 .183 -.738 1.7o4 
89.200 .oo4 437.000 .058 -1.235 1.880 
90.000 .ooo 455.000 .ooo .ooo 1.958 
153 
RJN NO. 78 
1=28.75 d.=5.75 A=0.588 
Pulse Time=l.2 Re::2000 PLASTIC TUBE 
RUil No. 78 30',, Sugar Solution APRIL 28, 1960 
V= 29.750 V= .128Ql Q= .998 K= 8~0 
Recorder Reading Concentration Time cv/Q Log CV /J ., . vr/v 
90.000 .ooo 4,.700 .ooo .001:: .188 
85.000 .025 5 .600 .740 ...• 13} .255 
81.000 .o46 64.ooo 1.364 .135 .275 
80.800 .o47 120.500 1.397 1 l·,. .~jl8 • . '-l) 
82.000 .o4o 156.800 1..206 .Ofll .675 
83.500 .033 182.800 .971 .• 01) .78'7 
85.000 .025 220.000 .740 -.1}1 .947 
87.500 .012 252.000 .365 -.4'58 1.084 
88.200 .009 265.000 .262 - .582 1.140 
89.200 .oo4 312.000 .u6 -.9.36 1.342 
89.500 .002 326.000 .072 .1.141 1..403 
89.900 .ooo 362.000 .015 .. 1.837 1.558 
154 
HJN NO• 79 
1=28.75 <1=5.75 1::.=0.588 
Pulse Time=l. 0 Re=900 PLASTIC '!UBE 
RUn No. 79 20 % Sugar Solution Viscosity =l.56; cp. Sp.Gr. =l.o6o6 April ''9 1r~60 c'- J 
.,;:., 
ff.::. 
V= 28.650 V= .03650 Q= .152 K= 24.000 
;~ 
\~· ., 
'.\ Recorder Reading Concentration Time ()!/Q Log CV /Q \'I'/V 
90.000 .ooo 88.100 .ooo .ooo .112 
tr: 67.000 .0
15 94.400 2.772 .443 .120 
\;.,· 86.100 .019 100.100 3.622 .559 }'"l8 
'\~::· 
• . i.:. 
86.200 0019 161.000 3.527 .547 .205 
87.500 .. 012 301.500 2.3o4 .362 .3e4 
88.500 .007 344.000 1.376 .139 .438 
89.900 .ooo 417.000 .092 -1.037 .5.31 
155 
mN NO. 80 
t:'; 
L=28.;5 a.::5.75 t:F0.588 
PULseT:tme=3•2 Re.:900 PIASTIC 'ruBE 
RUn No. 80 20,, Sugar solution April 29, 1960 
V= 28·.650 V= .03650 Q= .179 K= 15.000 
Recorder R~ng Concentration Time cv/Q --·· Log CV' /Q' . vT/V 
90~000 oOOO 82.900 .ooo .ooo .1o6 
ar.ooo .015 90.400 2.351 .371 .115 
'i·.~ ,, 87.100 .014 233.500 2.273 .357 .297 
-~':. 
t. 8T.OOO .015 336.000 2.351 .371 .428 
87~300 .013 352.000 2.112 .325 .41+8 
87.500 .012 4o4.ooo 1.954. .291 .515 
89.000 .005 428.000 .777 -.109 .545 
90.000 .ooo 518.000 .ooo .ooo .660 
156 
IIJN NO. 81 
1=28.75 &=5.75 A=0.588 
pU,lse '1'1Jne=2.4 Re=l500 PLASTIC 'llJBE 
RUn no. 81 20/a sugar Solution April 29, 1960 
V= 28.650 V= .o6081 Q= .835 K= 3.750 
Recorder Readi~ concentration Time CV/Q 10g av/Q ,rr/v 
90.000 .ooo ,9.600 .ooo .ooo 
.08t1. 
85,800 0021 2.600 a713 -.147 
.090 
65.000 0025 52.400 .. 852 -• 0'70 
.JJ.l 
8:,.000 .035 58.400 1..207 • 082 
.124 . 
82.700 .037 69.600 1 .. 261 .101 
.1~.8 
82.800 .036 224.ooo 1.243 .095 .lt-7'.5 
a;.200 .034 258.000 1.172 .069 
.548 
84.ooo .o;o 298.000 1.029 .012 .632 
85.000 .02, ;a,.500 .852 -.0'70 .653 
85.100 .02 339.500 .835 - .. CJ78 
.721 
85.800 .CY21 383.000 .713 -.147 
.813 
86.200 .019 4o6.ooo .643 -.192 
.862 
86.700 .016 467 .ooo .,557 -.254 
.991 
88.000 .010 540.000 .335 -.475 
1.146 
89.2uu .odi. 574.000 .134 -.874 
1.218 
90.000 .ooo 6o6.ooo .ooo .ooo 1.286 
1tJN NO, 82 
1=28.75 d:5.75 !).=0.588 
Pulse T1me=3.4 Re:=1500 PLASTIC '!UBE 
Run No. 82 20,, Sugar Solution April 29, 1960 
V= 28.650 V= .o6081 Q= 2.'49 K= 2.63S 
Record.er Read:Lng Concentration Time <N/Q LOg CN/Q vT/V 
90.000 .ooo 61.750 .ooo .ooo .131 
85.000 .025 65.000 .303 -.519 .138 
80.000 .051 72.200 .624 -.205 .153 
75.500 .076 83.000 .931 -.031 .176 
.,:,;,; 
72.000 .<:$7 89.500 1.182 .073 .190 
' 
69.900 .uo 94.400 1.339 .127 .200 
:{. 70.100 .lC)(J 107.000 1.324 
.122 .227 
71.800 .098 u4.500 1.197 .errs .243 
72.100 .<:$6 137.500 1.175 .070 ,292 
72.500 .094 165.900 1.145 .059 .352 
74.ooo .085 218.000 1.037 .016 .463 
74.800 .080 214.ooo .980 -.009 .454 
76.000 .07'3 263.500 .896 -.o48 .559 
76.500 .071 30'2.000 .861 -.065 .641 
77.500 .()65 339.000 ,792 -.101 .719 
78.500 .059 364.ooo .724 -.140 .773 
80.000 .051 4~.000 .624 -.205 .862 
82.500 .038 494.ooo .461 -.;36 1.048 
83.000 .035 545.000 .429 -.368 1.157 
84.ooo .030 603.000 .366 -.437 1.280 
86.500 .017 750.000 .210 -.678 1.592 
88.500 .007 810.000 .089 -1.050 1.719 
89.900 .ooo 895.000 .o~ -2,225 1.900 
158 
.:-1 
RJN NO, 83 
1=28.75 &:5,75 ,6::0.588 
Pulse T~3,5 Re=2000 PLASTIC ~E 
RU?l No, 83 2~ Sugar Solution April 29, 1960 
V= 28.650 V= ,08121 Q= 2.924 K= 1.133 
Recorder Re$.ding Concentration Time rN/Q LC)g CV/Q vT/V 
. /;. 90.000 .ooo 51.500 .ooo .ooo 
.146 
85.200 .024 67.900 .23; •• 632 .192 
80.000 .051 71.400 .501 -,300 ,202 
78.200 .o61 84,500 .598 -,223 .240 
75.100 .079 90.900 ,770 -,ll3 .258 
73.800 .086 103.200 .844 •• 073 .293 
72.000 .<1;7 1(1).400 .949 •• 023 .;10 
71.900 .{1)8 128,000 ,955 •• 020 ,363 
71.000 .103 133.500 1,009 ,oo4 ,378 
71.300 .101 192.800 ,991 •• oo4 ,546 
72,500 ,094 224,000 0920 .,036 .6;5 
73.700 .087 239.000 .850 •• 071 .677 
75.000 .079 266.000 .776 -,llO .754 
76.500 .071 300.000 .691 -,160 .850 
78.200 .o61 339.000 .598 -,223 .961 
79.000 .057 423,000 ,555 -,256 . 1,199 
82.100 .o4o 460.000 .;91 -,408 1.3o4 
84.ooo .030 531.000 .294 •• 532 1.505 
85.000 .025 572.000 .243 -,614 1.621 
87.000 .015 623.000 .144 -,841 1,766 
88,000 .010 682.000 .096 -1.019 1,933 
89.000 ,005 770.000 .o48 -1,322 2.183 
90.000 .ooo 800.000 .ooo ,000 2.268 
159 
.'\ 
RJN NO. 84 
1=28.75 d;zi5,75 1::ro.588 
uulse Tillle=3•5 ;Re=2000 PLASTIC 'roBE 
Run No. 84 2~ Sugar Solution April 29, 1960 
V= 28.650 V-=. ,08121 Q= 3.262 K= 1.08 
Recorder Re~ng Concentration Time cv/Q Log GV/Q vT/V 
', 
. ,'.\ 90.000 .ooo 52.100 .ooo .ooo .ll.t.8 86.ooo .020 54.100 .173 -.161 .153 
82.000 .d+o 67.600 .355 -.450 ol92 
75.000 .079 73.600 .695 -.158 .209 
71.800 .098 83.900 .862 -.o65 .238 
67.400 .126 93.100 1.103 .o43 .264 
68.400 .u9 122.500 1.o47 .020 .347 
70.000 .109 129.500 .959 -.018 .367 
I 
70.600 .105 150.500 .926 -.033 .427 
71.800 .098 188.000 .862 -.065 .533 
73.000 .091 220.500 .798 -.098 .625 
74.500 .082 258.000 .721 -.142 .731 
76.000 .073 280.000 .645 -.190 0794 
78.100 .o62 329.500 .541 -.267 .934 
80.000 .051 382.000 .449 -.347 1.083 
82.100 .o4o 462.000 .350 -.455 1.310 
84.ooo .030 575.000 .263 -.580 1.630 
85,500 .022 582.500 .196 -•709 1.651 
87.000 .015 684.ooo .129 -.888 1.939 
88.000 .010 756.000 .086 -1.o67 2.143 
88.900 .005 836.000 .o47 -1.328 2.370 
89.300 .003 945.000 .030 -1.525 2.679 
89.700 .001 1360~000 .013 -1.891 3.855 
90.000 .ooo 1405.000 .ooo .ooo 3.982 
16p 
RJN NO. 85 
1=28.75 di::5.75 6=:0.588 . 
Pulse Time:14.4 Re=900 PLASTIC '!'UBE 
RUn No. 85 1~ Sugar Solution Viscosity =1.251 cp. Sp.Gr. =1.0313 April 30, 1960 
V= 27.800 V= .()2921 Q= .578 K= 1,881 
Recorder Reading concentration Time CN/Q Log cv/Q VT/V 
90.000 .ooo 75.400 oOOO oOOO .079 
86.ooo ,020 84.400 .950 -.022 .089 
840100 .029 90.400 1.417 .151 .095 
83.800 .031 1450100 1.492 .174 .,152 
83.900 .030 350.000 1.467 .166 .368 
84.ooo .030 400.000 1.442 .159 .420 
84,600 .027 477.000 1,293 .112 .501 
.-,1:, ~ ' 85,000 .005 609.000 1.194 .0'77 
.640 
·\• 




.001 1020.000 .o47 -1.328 L,072 
90.000 .ooo 1o48.ooo .ooo .,000 1.101 
]6I 
RJN NO. 86 
1=28.75 dP5.75 A=0.588 
PUlse TiIE::6.7 Re=900 PIASTIC '!UBE 
Run No. 86 1~ Sugar Solution April 30, 1960 
V= 27.800 V= .Q'2921 Q= .361 K= S.58 
Recorder Reading Concentration Time cv/Q .Log cv/Q vT/V 
90.000 .ooo 69.400 .ooo .ooo .a73 
83.000 .035 73.200 2.709 .433 .077 
82.600 .037 80.000 2.871 .458 .084 
83.000 .035 122.500 2.709 .433 .129 
83.500 .033 193.000 2.508 .399 .203 
84.200 .()129 220.500 2.228 .;48 .232 
84.900 .025 256.000 1.952 .290 .269 
85.000 .025 ;cr,.ooo 1.912 .281 .323 
85.600 .022 346.500 1.677 .224 .364 
85.800 .021 438.000 1.599 .2o4 .460 
86.000 .020 469.000 1.521 .182 .493 
87.100 .014 535.000 1.096 .o4o .562 
89.200 .oo4 572.500 .300 -.523 .601 
90.000 .ooo 615.000 .ooo .ooo .646 
162 
HIN NO• 87 
1=28.75 d.=5.75 ~0.588 
Pulse Time-=14.4 Re=l500 PIASTIC '.LUBE 

































































































































HJN NO. 88 
L=28.75 <1,.5.75 t.=0.588 
PUJ.se Time-10.1 Re=l.500 PUBTIC 'roBE 
RUn No • 88 1~ sugar solution April ,o, 1960 
V= 27.800 V= .olt871 Q= 1.751 K= 0.765 
Recorder Reading Concentration Time CN/Q Log CV/Q vT/V 
90.000 .ooo 45.600 .ooo .ooo .080 
80.000 .051 61.700 .812 .... 090 .108 
t, 
76.800 .o69 62.500 1.094 .039 .109 
(~, 
77.000 .o68 69.600 1.0'76 .032 .122 
}. 
79.200 .056 80.000 .882 -.055 .140 
·,1,.· !.1 
,,._' 






81,000 .o46 l0'2.500 .727 ... 139 .180 
l ~ 79.000 .057 228.000 .899
 ... 046 .399 
ao.ooo .051 254.ooo .812 -,C90 .445 
,: ij 
80,300 .050 30'7 .500 .786 ... 1o4 0539 
80.900 .o46 '41.000 .735 ... 134, .597 
r,:j i, ' 
81.500 .043 357.000 .684 ... 165 .625 
~JL.J.· 
81.900 .041 ,10.000 .651 .... 187 .64
8 
)T. "'l' 
82.000 .04o 37.000 .642 .... 192 .766 
•. ~ );;. ! 
,t.:;t 
82.600 .037 487.500 .592 -.228 .851~ 
83.600 .0:,2 585.000 .509 .... 293 1.025 
t1 1• t 1t1 ,1 ,. -~ .f., 
84.200 .009 664.ooo .459 ... ~:,8 1.163 
1
l~l1 : 
85.000 .025 738.000 .394 -· o4 1.293 
86.ooo .0'20 851.000 .314 ... 5o4 1.491 
86.500 .017 1049.000 .274 -.563 1.838 
'if'' 
88.500 .00'7 1l30.000 .116 .... 935 1.98
0 
ill[•. 







RUN NO. 89 
L=28.75 d.=5.75 t:::.--0.588 
Pulse T1me=l0.l Re=2000 PLASTIC ri,JBE 
RWl No, 89 1~ Sugar Solution APRIL 30, 1960 
V= 27 .800 V= .06500 Q:; 1.596 K= 1.000 
Recorder Reading concentration Time cv/Q Log CN/Q VTIV I 
90.000 .ooo 62.200 ,000 .ooo .145 
86.100 ,019 66.,oo ·t35 -.475 .155 
85.000 .025 71, 00 • 32 -.364 .167 
82.800 .036 80.000 .631 -.200 .187 
80.100 .051 86.400 .882 -.055 .2cr2 
79.800 ,052 98,000 .910 -.o41 .229 
78.800 .058 101.aoo 1.00, .002 
,y,_i'! 
0 ,_ ,/'-; 
78.600 ,059 190,500 1,02 .010 .4h5 
79,200 .056 228.000 .967 -.015 .533 
80,000 .051 277.000 .891 -.050 .6M) 
80.800 .o47 3o6.ooo .816 -.088 .715 
81.100 .o45 336.000 .788 -.lo4 .786 
82.000 .o4o 364.500 .7o4 -.152 .852 
82.300 .039 392.000 .677 -.170 .917 
83.000 .035 419.000 .613 -.213 .980 
84.ooo .030 455.000 .522 -.282 1.06!1 
85.000 .025 537.500 .432 -.:;64 1.257 
85,500 .022 565.000 .388 -,411 1.321 
86.200 .019 624.ooo .326 -.486 1 1
1 S') 
. 0 '.• 
87.000 .015 696.000 .256 -,591 1..627 
89.200 .oo4 745.000 .068 -1.169 1.742 
89.900 .·ooo 784.000 .009 ... 2.071 1.833 
165 
HJN NO. 90 
1=28.75 c1=5.75 A=().588 
Pulse Time=l3.l Re•2000 PLASTIC 'nJBE 
RWl No. 90 1~ Sugar Solution April 30, 1960 
V= 27.800 V= .o6500 Q.= 2.152 K= 0.800 
Recorder Reading Concentration Time av/Q Log cv/Q vT/V 
90.000 .ooo 54.200 .ooo .ooo .127 
85.000 .025 57.200 .321 -.494 .134 
80.000 .051 60.300 .661 -.180 .141 
78.600 .059 73.800 .760 -.ll9 .173 
77.500 .o65 75.600 .839 .• 076 ol77 
77.200 .o67 11;.000 .861 .• 065 .264 
76.200 .072 121.500 .934 -.o;o .284 
76.600 .070 268.000 .9o4 •• o44 .627 
77.500 .o65 302.000 .839 ... 076 .7o6 
79.100 .056 352.000 .724 .• 140 .823 
80.000 .051 410.000 .661 -.180 .959 
81.200 .o45 454.ooo .577 -.239 1.o62 
83.000 .035 560.000 .454 -.343 1.309 
~.800 .031 603.000 .400 .. ,98 1.424 
.500 .027 695.000 .354 -· 51 1.625 
85.000 .025 750.000 .321 .• 494 1.754 
86.200 .019 -880.000 .242 .... 616 ~2.058 
86.400 .018 1010.000 :~ 
.• 640 2.362 
88.500 .007 1076.000 -1.025 2.516 
89.900 .ooo 696.000 .oo6 .2.201 1.627 
166 
10.5 COMPUTER CALCULATIONS ' 
The LGP-30 digital computer at Lehigh Universities Computing 
Center was used to process the raw data read from the Strip Chcl.I't 
recordings, and to print out 11 C Curve" values which are tabulated 
in Appendix 10-4. 
The status of the memory drum was as follows:-
Location on Memory Drum Use 
2700-2963 Data Input Subroutine 
3000-3156 Data Output Subroutine 
3200-3563 Main Program 
3845-3863 Main Program(continued) 
3900-3957 Alpha-Numeric Subroutine 
4000-4157 Logarithm Subroutine 
4200-5963 Working Storage 
The main program is carefully explained in this report. For the 
Subroutines reference may be made to Adlers PhD. :Dissertation (10) and 
the L.G.P-30 Subroutine Manual (11). 
DATA INPUT SUBROUTINE:- This is a standard subroutine No JR 
with hex fill code and check sum 101-00-02, available on punched 
paper tape in the Computing Lab. 
DATA OUTPUT SUBROUTINE:- No, 1-12.0A (Hex copy-fills in 3000-
3156) contains check sum at end - Av~ilable in the Computing Centre. 
MAIN PROGRAM1- The function of each section of the program is 
explained in this paragraph and the detailed instructions are gi.ven 
in the following pages. 
3200-3238 
3239-3259 
Data read-in and initialization 
Computation of Concentratio~s 167 
3260-3332 Computation of area beneath Concentrat1.on 
vs. time curves and also Qo 
3333-3402 Computation of values of CV and log CV ~ ~ 
3403-3420 Computation of Values of vt v 
3421-3560 Print out of answers and return to 
beginning 
3561-3563 Working storage and constants 
3845-3863 Working storage and constants 
A regular listing and explanation of the main program is as follows: 
Location Instruction Address Notes 
3200 R2708 
01 U2700 Takes data on tape 




06 B2823 Address where next data word would be stored 
07 S3855 l f 29 Computes address where last data word was stored 
08 Y3561 Location of last rec. rdg. 
09 A38S4 Z0300 
10 Y3562 Location of last 
11 C11 
11 A3854 Z0300 
l; 
k 
t 12 Y3563 · Location of last time 
" t 
v 









3260-3332 Computation of area beneath Concentrati.on 
vs. time curves and also Qo 
,3333-3402 Computation of values of CV and log CV 
{j 3403-3420 
~ ~ 
'. Computation of Values of vt l'J v 
3421-3560 Print out of answers and return to 
beginning 
3561-3563 Working storage and constants 
3845-3863 Working storage and constants 
A reg~ listing and explanation of the main program is as follows: 
Location Instruction Address Notes 
3200 R2708 
01 U2700 Takes data on tape 




06 B2823 Address where next data 
word would be stored 
07 S3855 1 tfJ 29 Computes address where l~~t data word was stored 
08 Y3561 Location of last rec. rdg. 
09 A3854 Z0300 
10 Y3562 Location of last "C" 
11 A3854 Z0300 
12 Y3563 · Location of last time 








Location Instr~ction Address Notes 
3218 Y3302 Location of 2'nd time 




22 B3858 z,100 Location of l'st CV/Q 
.,:-· 
~~ 'i 
L 23 Y3340 
·1·'' ,:: 
~ ' ' 
I 
' 24 Y3522 
25 B3861 Z4200 Location of l'st rec. rdg. 
26 Y3239 
27 Y3510 
28 B3857 Z5400 Location of l'st log CV/Q 
29 Y3349 
30 Y3526 




(~ 35 Y3514 
~ ·,, 
1--
:· .. 36 A3855 l 8 29 
:, 
[,. 
37 !3263 Location of 2 •nd 
11C11 .... 
" C 38 23200 Break Point In~tializing complete--;: r 
!-~ 
32 Stop, Begin computing C's 
• t· 
39 B0000 
40 D3863 90(1 7 
41 R4024 
42 U4000 Enter log routin
e and com-





Location Instruction Address Notes 
3245 M3853 1 (!) 8 Shift to q = 14 
46 M3862 -1 Makes c•s positive 
47 H4500 
48 B3239 





'.:\ 52 A3855 l ~ 29 
.\ 53 H3247 
54 B3561 




59 23200 Break Point 32 stop. 
- o•s finished -
Begin to calc, Q 
60 03838 w.s .#1 
61 03838 W.S.#1 Puts zero in 3838
 
62 B4500 First 11011 
63 A450l Second 11 0
11 
170 
Location Instruction Addres.s Notes 
3300 N3846 1 t 25 7 2 and shifts to q = 7 
t1 01 H3834 w.s. #2 Av. 11011 at q = 7 
'i:' 
Fr 02 B4801 2•nd time 
r· -,:._ 
f, . 03 s4Boo 11 st t:ime Computes t:!f@ q = 14 
. 
,. 
f 04 M3834 ·w.s.#2 ' 
~:'. 
l 
[. 05 N3851 1@ 24 Shifts 6T to q = 7 i 
,· 
' : i . 
!. 06 A3838 w.s. #1 ,· L 
'. 
07 H3838 w.s. #1 q== 14 
08 B3262 
09 A3855 1 e 29 
10 H3262 
11 B3263 
12 A3855 1 B 29 
13 H3263 
14 B3302 





20 B3562 Location of 
j< last "C" 
t? 
r:~ 21 A3845 aOOOO f 
t 




26 00004000 l ~ 17 Stored constant 
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V@ q al4 





V/Q@q = 8 
1 @ 28 
1 e 2s 
1 @ 8 
Loe. 1•st 
log CV/Q 
1 @ 29 
} 
Notes 
Ar:wthing -.never used 
Shifts v to q = 0 
Q@q=l4 
Q@ q = 14 
Cale. of Q finished-
Begin CV /Q and log CV /Q 
Shifts V to q "' 22 
V/Q q = 8 
q = 14 
Shifts C to q = 6 
cv/Q qa 14 
Check to insure non-zero 
cv/Q 
Computes log CV/Q q= 6 
Shifts back to q = 14 
Stores log CV/Q 
Incrementing 
172 
Location Instruction Address N
otes. 




57 A3855 l@ 29 
58· H3349 
59 B3562 Loe. of last 
"0" 




3400 06363 Dump. 
Puts zero .in Acc. 
01 U3349 
02 Z3200 Bk. Pt~32 
CV /Q and lof cv/Q done-
Stop. do· vt/V 
03 B3833 V q = l4 
04 D3832 V q = 14 v
/V q .. 0 
05 H3837 v/v q C 0: 
06 'B4800 time q = 14 
07 ·M3837 v/V q = 0 
vt/V q = lli 
08 H5700 vt/v q = 14 
09 B3406 
10 A3855 1 @ 29 
11 H34o6 
'12 B3408 
13 A3855 1 ~ 29 
14 H3408 
15 B3563 lee. last t.:bne 
i6 A3852 bOOOO 
-, 173 
', -,, '" ~~ 
I 








t «·· ir 20 21600 Bk. Pt. 16 
vt/V finished., 
1t ·I: . 






































V uc. = le. 
33 2828VQVQ 
b.s. b.s. exit 
34 B3833 V q = 14 
;::. 3S N3851 1 @ 24 
Shifts V to q - 7 
i.; 
\· 36 R3012 
r t· 
r, 
P. 37 U3000 
38 20002 




uc. Q = le. 
42 2828VQVQ 
b.s. b.s. exit 
,. 
43 B3838 Q q = 14 174 




46 zooo4 · 
·47 R3900 
48 ... U3900 
49 20202010 er. er • 
er.. ur.~ • 
so lf084f6f R le
. e C 
51 46lf2f4f 0 r 
d ~ 
52. lf0610lf r sp.
 uc. H 




54 22325j30 i n g 
tab 
55 10066f08 ue. 
sp. C. le. 
56 46326f4f 0 n
 C e 
57 325fif72 n t 
r a 
58 5f224632 t i 0 
n 
59 3010o606 tab uc. sp. 
sp. 
60 0606Sro8 sp. s
p. T le. 
61 223f4f30. i m 
e tab 
/ 
62 06060606 sp. 
sp. sp. sp. 
6) o6106£3a sp. u
c. C V 
3500 08261074 le
. l ue. Q 
01 30o60606 tab 
sp • sp. sp. 
02 . Oj08465j L le. 0 
g 
OJ CX:>lo6.f3a ~p. US
o C V 
04 · 08261074 le~ 1 UC
o Q 
05 08~ot1,o6 le. 
tab sp. sp. 
175 
(1 Location Instruction Address 
Notes 
...... --·· 
:e:r o < 
,, 
j 
YJ 3506 0606063!. 
sp. SPo sp. V 
·f: 
07 . lC$fO!~o uc. T 
le. 1 
08 103a2020 
uc. V er. er. 























31 R3012 176 
-, 










i ~'· .. -
:) 
~r ,'::l 34 B3510 t·-·1 
~- ~ -.· 
' I 
,ii-' ' Ii 
35 A3855 1 
, 29 
:;f t,~r. t 36 H3510 
~di . t;'& 
\cf il 






















41 A3855 1 @ 29 
42 H3518 
43 B3522 
44 A3855 1 e 29 
45 H3522 
46 B3526 
(~ 47 A38,5 1 e 29 
i,.' 
l ~ 
t' 48 H3526 t? 
tf 
I' 
V 49 B3530 \) 
f 50 A3855 e \·- 1 29 t: r, 
Y,, 51 H3530 
52 B3561 Last Rec. Rdg. 














Instruction Address Notes 
uj$io 
59 zoaoo Bk. Pt. 8 Stop to allow new d
ata 





zoooo Add. Last rec. rdg, 
zoooo Add, Last 
11 C11 
le 
r 63 h' f k [ 3832 t' ,,
zoooo Add. Last time 
Loe. of V 
i 
33 














46 00000040 Z0016 1@ 25
 
47 00000008 Z0002 
1 @ 28 
48 00000100 ZOlOO 
1 @ 23 
49 08000000 1 ~ 4 
so 00000010 zooo4 1 ~ 27 
51 00000080 ZOOJ2 1 e> 24 















Location Instruction Address N
otes 
3853 00800000 1 @ 8 
54 00000300 ZOJOO 
55 00000004 ZOOOl 
56 0000)900 Z.5700 
57 00003600 Z.5400 
58 00003300 z,100 
59 00003000 Z4800 
60 00002k00 z4,oo 
61 00002f00 Z4200 
62 80000000 -1 
63 ,roooooo 90 e q = 1 
10.5,4 ALPHANUMERIC S UBROU'l'INE t- Hex fill in 3900 3957
. Available 
on punched paper tape in the Computing Lab. 
10.5.S LOGARITHM SUBROUTINEt- Ifex fill in 40004157 -
Available in 
Lehigh University's Ccmputing Centre. 
10,5.6 OPERATING PROCEDUREt- The margin, ta
bs, and carriage return on 
the Flexow.riter must be set as follows, left m
argin at 121 tabs at 
13, 21, 29, 35, ~l, 48, and 60; carriage return at 60. 
On the computer break point 32 must be depress
ed, but break points 16 
and 8 must not be depressed. Tape containing th
e data is placed in 
the tape reader and the computer starteq. Aft
er the data is read in, 
and afte:r canputation is complete, the ccmpute
r stops to allow the- title 
to be printed Qut, Starting the comp~ter again gives us
 the answers 




l __ -t· · f. t .. 
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